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K la v e r ,  R o b e r t  W . , M . S . ,  S p r in g  1979 W ild l ife  B io logy
A M a n a g e m e n t - O r ie n te d  S tudy  of th e  E c o lo g y  of B ig h o rn  Sheep 
in  th e  B i t t e r r o o t  M o u n ta in s ,  M on tana  and  Idaho  (112 pp. )
D i r e c to r :  E .  E a r l  W i l l a r d
T h e  e c o lo g y  of b ig h o r n  s h e e p  in  the  B i t t e r r o o t  M o u n ta in s  w a s  
in v e s t ig a te d  b e tw e e n  J u n e  1974 an d  Ju n e  1976. D a ta  f r o m  two 
r a d i o c o l l a r e d  s h e e p  an d  f r o m  u n m a r k e d  s h ee p  p ro v id e d  i n f o r m a ­
t io n  on s e a s o n a l  h o m e  r a n g e s ,  m ig r a t io n  r o u te ,  p o p u la t io n  s iz e ,  
g ro u p  s i z e ,  p o p u la t io n  h e a l th ,  w in te r  food  h a b i t s ,  an d  w in te r  and  
s p r in g  h a b i ta t  s e l e c t io n .  S u m m e r  and  w in te r  s t a n d a r d  d i a m e t e r s  
w e r e  5 .9  an d  1.6 m i l e s  (9.5 and  2.6 km ), r e s p e c t iv e ly .  The 
p o p u la t io n  w a s  e s t i m a t e d  a t  90 a n im a l s .  G ro u p  s i z e  v a r i e d  
m o n th ly  f r o m  a h ig h  d u r in g  th e  r u t  to  a  low a t  p a r tu r i t i o n .  T he  
p o o r  c o n d i t io n  of th e  w i n t e r  r a n g e  w a s  r e f l e c t e d  b y  n e a r l y  c o m ­
p le te  u t i l i z a t io n  of b u n c h g r a s s e s ,  h e d g e d  s h r u b s ,  e v id en c e  of 
n e c r o t i c  s t o m a t i t i s  and  to o th  w e a r  p r o b l e m s ,  and  h o r n  g ro w th  
p a t t e r n  in d ic a t in g  low v i g o r  c o m p a r e d  to  o th e r  M ontana  sh ee p  
p o p u la t io n s .  L u n g w o rm  in fe c t io n  w a s  low . D ie t c o m p o s i t io n  
f o r  th e  to t a l  w in t e r  p e r io d  w a s  40% g r a s s e s ,  17% f o r b s ,  and  
43% b r o w s e .  W in te r  an d  s p r in g  h a b i ta t  s e l e c t io n  w a s  d e te r m in e d  
by c o v e r  ty p e ,  h a b i t a t  ty p e ,  an d  la n d ty p e .  N ine r e c o m m e n d a ­
t io n s  f o r  m a n a g e m e n t  an d  12 r e c o m m e n d a t io n s  f o r  fu tu r e  
r e s e a r c h  w e r e  m a d e .
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C H A P T E R  I 
IN T RO D U C TIO N
T h e  R o ck y  M o u n ta in  b ig h o rn  s h e e p  (O vis  c a n a d e n s i s  
c a n a d e n s i s , Shaw) in th e  v i c in i t y  of W a tc h to w e r  and  S h eep h ead  c r e e k s ,  
M o n tan a ,  a r e  r e m n a n t s  of a  p o p u la t io n  w h ich  once  o c c u p ie d  th e  e n t i r e  
B i t t e r r o o t  R an g e  (B u e c h n e r  1960). He found  th a t  fo r  N o r th  A m e r i c a  
in  th e  1 9 5 0 's ,  1 p e r c e n t  of th e  b ig h o r n  p o p u la t io n  and  10 p e r c e n t  of 
i t s  r a n g e  r e m a i n e d  c o m p a r e d  to  w h a t  w a s  r e p o r t e d  f o r  th e  1 8 8 0 's  by  
S e ton  (1929).
I n f o rm a t io n  a b o u t th e  B i t t e r r o o t  p o p u la t io n  b e f o r e  I b e g a n  m y  
s tu d y  w a s  l im i t e d  to  th e  g e n e r a l  lo c a t io n  of th e  s u m m e r  r a n g e ,  
r e s u l t s  f r o m  a  r u m e n  a n a ly s i s  o b ta in e d  f r o m  a h u n te r - k i l l e d  
3 . 5 - y e a r - o l d  r a m  ( F i r e b a u g h  1973), an d  a p o p u la t io n  e s t i m a te  of a t  
l e a s t  50 s h e e p  ( F i r e b a u g h  1971). T h e  a r e a  h ad  b e e n  c u r s o r i l y  
c e n s u s e d  by  a i r  e a c h  w i n te r  b u t  no s h e e p  w e r e  o b s e r v e d .  S p e c u la t io n s  
w e r e  th a t  th e y  m i g r a t e d  in to  th e  S e lw ay  o r  S a lm o n  r i v e r s  d r a in a g e s  of 
Idaho  d u r in g  the  w in t e r .
T h i s  p o p u la t io n  i s  in  a  r e l a t i v e l y  u n d is tu rb e d  r e g io n ,  
in c lu d in g  th e  h ig h  q u a l i ty  S e lw a y - B i t t e r r o o t  W i ld e r n e s s  A r e a .  F ew  
p e o p le  v e n tu r e  in to  t h e i r  r a n g e ;  th u s  th e  s h e e p  a r e  m o s t ly  f r e e  f r o m
1
h u m a n  i n t e r f e r e n c e ,  B u e c h n e r  (1960:39) s a id  th a t  " th o ro u g h  
in v e s t ig a t i o n  m ig h t  r e v e a l  a  c o n s id e r a b le  p o p u la t io n  in  th is  a r e a ,  
w h ic h  a p p e a r s  to  b e  i d e a l ly  ru g g e d  and  f a i r l y  w e l l  i s o la t e d .  " T h is  
p a r t i c u l a r  p o p u la t io n  th e n  r e p r e s e n t s  an  o p p o r tu n i ty  to  s tu d y  food 
h a b i t s ,  s e a s o n a l  h a b i t a t s ,  an d  m ig r a t i o n  p a t t e r n s  of n a t iv e  s h e e p  in  
n e a r  p r i s t i n e  c o n d i t io n s .  O t h e r  l a r g e  in d ig e n o u s  m a m m a l s  in h a b i t in g  
th e  a r e a  in c lu d e  m o o s e  (A lc e s  a l c e s ), e lk  (C e r v i s  e l a p h u s ), m u le  
d e e r  (O d o c o i le u s  h e m io n u s ), w h i t e - t a i l e d  d e e r  (O. v i r g i n i a n u s ), 
m o u n ta in  g o a t  (O r e a m n o s  a m e r i c a n u s ), b l a c k  b e a r  (U r s u s  a m e r i c a n u s ), 
c o y o te  (C a n is  l a t r a n s ), m o u n ta in  l io n  (F e l i s  c o n c o lo r ), b o b c a t  (Lynx 
r u f u s ), m a r t e n  (M a r t e s  a m e r i c a n a ), w o lv e r in e  (Gulo g u lo ), and  r i v e r  
o t t e r  (L u t r a  c a n a d e n s i s ).
T h i s  in v e s t ig a t io n  w a s  c o n d u c te d  f r o m  J u n e  1974 th ro u g h  
J u n e  1976. S p e c if ic  o b je c t iv e s  w e r e  to  in v e s t ig a te :
1) s h e e p  d i s t r i b u t io n ,  s e a s o n a l  k e y - u s e  a r e a s  and  m ig r a t io n
r o u te s ;
2) p o p u la t io n  c h a r a c t e r i s t i c s ;
3) b ig h o rn  h a b i t a t  u s e  a lo n g  th e  S e lw ay  R iv e r  d r a in a g e  f r o m  
In d ian  C r e e k  to  Snake  C r e e k ;
4) w i n t e r  d ie t;  and
5) p h y s ic a l  c o n d i t io n  and  v ig o r  of th e  p o p u la t io n .
C H A P T E R  II 
STUDY A R EA
L o c a t io n
T h e  s tu d y  a r e a  l i e s  n e a r  th e  s o u th e r n  end of th e  B i t t e r r o o t  
M o u n ta in s ,  a  n o r th - s o u th  r a n g e  th a t  e x ten d s  so u th  f r o m  Lolo  P a s s  to  
N ez  P e r c e  P a s s  (F ig s .  1 and  2). T h e  s h e e p 's  r a n g e  is  undeveloped ; 
m u c h  of i t  is  in th e  S e lw a y - B i t t e r r o o t  W i ld e r n e s s  A r e a .  Map 
c o o r d in a te s  a r e  1 1 4 ° 3 0 '- 1 1 4 ° 2 0 'W .  lo n g itu d e  and  4 5 ° 6 0 ' - 4 5 ° 4 0 'N .  
la t i tu d e .  T h e  M on tana  p o r t i o n  of th e  s tu d y  a r e a  o u ts id e  th e  S e lw ay -  
B i t t e r r o o t  W i ld e r n e s s  is  in c lu d e d  in th e  L o w e r  W e s t  F o r k  P la n n in g  
U nit.
G eo logy
T h e  B i t t e r r o o t  M o u n ta in s  a r e  n e a r  th e  e a s t e r n  edge  of the
Idaho B a th o l i th ,  an  ig n eo u s  c o m p le x  w h ich  o c c u r s  m o r e  o r  l e s s
c o n t in u o u s ly  in  Idaho f o r  a p p r o x im a te ly  2 50 m i le s  (402 km) n o r t h -
s o u th  and  f o r  abou t 90 m i le s  (145 km ) e a s t - w e s t  (A rno ld  1975).
B en n e t t  (1974) s u m m a r i z e s  i t s  o r ig in :
In s u m m a r y ,  th e  Idaho  b a th o l i th  m a y  h av e  f o r m e d  in  the  
fo l lo w in g  w ay . T h e  o r ig in a l  b a th o l i th  m a g m a  w as  p ro d u c e d  in an  
a c t iv e  s u b d u c t io n  zo n e . T h e  s o u r c e  of th is  m a g m a  cou ld  have  
b e en  d i f f e r e n t ia te d  m a n t le  m a t e r i a l  o r  fu s e d  lo w e r  c o n t in e n ta l
F ig. 1. Location of the Lower West Fork Planning Unit 
and the study area.
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c r u s t  o r  a c o m b in a t io n  of t h e s e .  A n a te x is  of e u g e o s y n c l in a l  
s e d im e n t s  m a y  h a v e  a l s o  p r o d u c e d  p a r t  of the  m a g m a .  A s  the  
m a g m a  w a s  g e n e r a t e d ,  i t  r o s e  th ro u g h  the  c r u s t  p ro b a b ly  a s  
in d iv id u a l  p o d s  w h ich  w h en  r e a c h in g  sh a l lo w  d ep ths  c o a le s c e d  
and  s p r e a d  out a s  a  th in ,  s h e e t l ik e  b a th o l i th .  T h is  s h e e t l ik e  
b a th o l i th  w a s  p a s s i v e l y  e m p la c e d  bu t a s  th e  m a g m a  d i f f e r e n t ia te d  
in p la c e  new  m a g m a s  w e r e  f o r m e d  w h ich  w e r e  v o la t i l e  c h a r g e d  
and  th is  m a g m a  w a s  th e n  f o r c ib ly  e m p la c e d .
T h e  o r ig in  of th e  B i t t e r r o o t  f r o n t  is  c o n t r o v e r s i a l  and  the  
d i f f e r e n t  t h e o r i e s  a r e  w e l l  s u m m a r i z e d  b y  B en n e t t  (1974).
G e o lo g ic a l  m a p s  of th e  s tu d y  a r e a  a r e  a v a i la b le  in  W in e g a r  
(1974) f o r  th e  M o n tan a  p o r t i o n  and  in G re en w o o d  and  M o r r i s o n  (1973) 
f o r  th e  p o r t i o n  in  Id ah o . T h e  a r e a  i s  b a s i c a l l y  g r a n i t i c  in t ru d in g  in to  
g n e i s s ;  h o w e v e r ,  v o lc a n i c  r o c k s  n e a r  C a s t l e  R o ck  in d ic a te  i t  is  a 
v o lc a n ic  v e n t  o r  a r e m n a n t  of a f low . S h eep h ead , W a tc h to w e r ,  L i t t le  
W es t  F o r k ,  and  a l l  th e  m a j o r  c an y o n s  in  the  B i t t e r r o o t  f ro n t  w e re  
p r o b a b ly  c a u s e d  by  f a u l t s  of m a j o r  d i s p la c e m e n t .  In M ontana , g l a c i e r s  
e x te n d e d  f r o m  th e  B i t t e r r o o t  D iv ide  down to  th e  N ez  P e r c e  F o r k  of the  
B i t t e r r o o t  R i v e r  (W in e g a r  1974). Idaho  w a s  only  g la c ia te d  a t  h igh  
e le v a t io n s  n e a r  th e  Id a h o -M o n ta n a  b o r d e r .  G la c ia t io n  r e s u l t e d  in  
s t e e p ,  U - s h a p e d  c a n y o n s ,  h an g in g  v a l l e y s ,  and  m a n y  g la c ia l  l a k e s .
C l im a te
T h e  c l i m a te  is  d o m in a te d  b y  P a c i f i c  a i r  m a s s e s  and  
in f lu e n c e d  by  C a n a d ia n  c o n t in e n ta l  f r o n t s .  T he  t e m p e r a t u r e s  a r e  
m o d e r a t e  f o r  th i s  l a t i tu d e  due  to th e  s t r o n g  P a c i f ic  C o a s t  c h a r a c t e r .
J a n u a r y  is  u s u a l ly  th e  c o ld e s t  m o n th  w h ile  J u ly  and  A u g u st  a r e  the  
w a r m e s t  m o n th s .  N o v e m b e r ,  D e c e m b e r ,  and J a n u a r y  a r e  u s u a l ly  the  
w e t t e s t  m o n th s  w ith  a  s e c o n d a r y  m a x im u m  in  th e  s p r in g  (F in k l in  1976).
T h e  a v e r a g e  m o n th ly  p r e c ip i t a t i o n  and  t e m p e r a t u r e  a s  w e l l  a s  
th e  a v e r a g e  m a x im u m s  an d  m in im u m s  f o r  N o r th  S ta r  R an ch , 13 m i le s  
(21 km ) f r o m  th e  w in te r  s tu d y  a r e a ,  a r e  show n in T a b le  1. T he  l a s t  
d a te s  f o r  s p r i n g  m in im u m  t e m p e r a t u r e s  a r e  show n in T a b le  2 (U. S. 
D ep t.  C o m . 1967 to  1977). T h e  a v e r a g e  m a x im u m  and m in im u m  
t e m p e r a t u r e s  r e c o r d e d  in  1975-76  a t  a c a m p  n e a r  th e  m o u th  of Sheep 
C r e e k ,  Idaho , a r e  s u m m a r i z e d  in T a b le  3. S m ith  (1976) a v e r a g e d  th e  
m o n th ly  t e m p e r a t u r e  an d  p r e c i p i t a t i o n  d a ta  f o r  H a m ilto n ,  M on tana . 
F in k l in  (1976) s tu d ie d  th e  c l i m a te  of th e  W i ld e r n e s s  in  d e ta i l  and  
sh o w e d  th a t  the  u s u a l  3 .3 ° F  (1 .8 °C )  lo w e r in g  in  t e m p e r a t u r e  fo r  e ac h  
1,000 foo t (305 m ) c h an g e  in  e le v a t io n  a p p l ie d  fo r  th e  S e lw a y - B i t t e r r o o t  
W i l d e r n e s s .  A rn o  an d  H a b e c k  (1972) p u b l i s h e d  w e a th e r  d a ta  f o r  the  
a lp in e  l a r c h  v e g e ta t io n  zo n e , w h ich  o c c u r r e d  th ro u g h o u t  the  s u m m e r  
s tu d y  a r e a .  T a b le  4 s h o w s  d a ta  f o r  t h r e e  Soil C o n s e rv a t io n  S e rv ic e  
snow  p i l lo w s  n e a r  th e  B i t t e r r o o t  D iv id e  ( F a m e s ,  p e r s o n a l  c o m m u n i ­
c a t io n ) .
T h e  s u m m e r  s tu d y  a r e a  o r d i n a r i l y  r e c e iv e s  b e tw e e n  30 and 
80 in c h e s  (76 an d  203 cm ) of p r e c ip i t a t i o n  e a c h  y e a r ,  in c lu d in g  an  
a n n u a l  s n o w fa l l  of 200 to  500 in c h e s  (508 to  1,270 cm ) ( F a m e s  and  
S h a fe r  1972), r e s u l t i n g  in  s e v e r e  w in te r  co n d i t io n s  fo r  a n im a l
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Table 1. Monthly temperat ures  and precipi tat ion.  North Star Ranch,  Idaho, January 1967 to August 1976.  
Station North Star Ranch
Latitude 55° State Idaho
Longitude 114.50° County Idaho
Elevation 2,800 ft.
Precipi tat ion
(inches)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1967-
1974 4. 67 2 . 4 4 2 . 32 2 . 3 0 1. 93 2 . 2 4 0. 74 0 . 9 8 1.91 2 . 0 3 2 . 51 2. 82 2 6 . 4 8
1975 6. 31 2. 12 1 . 29 2 . 9 4 2 . 6 8 2 . 32 1. 15 4 . 26 0. 98 5 . 03 2. 50 5. 71 37 . 29
1976 3.21 1. 71 1. 90 2. 10 2. 06 2 . 6 5 1. 89
Ave. Temperature
(°F)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
1967-
1974 26. 3 32. 6 37 . 4 44. 0 52. 8 60 . 6  6 5 . 8 66 . 5 4 8 . 9 44. 7 34. 8 26.  6 45 . 3
1975 26. 1 27.  3 35.2 40 .2 4 7 . 9 * " 5 6 . 9  70 . 8 6 1. 5 56 . 6 4 3 . 3 32. 1 30 . 7 44 . 2
1976 27.  7 30. 1 34. 1 4 6 . 0 54 . 4 57. 1 66 . 2
Ave.  Max. Temperature  
C F )
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1967-
1974 33. 4 4 3 . 6 4 9 . 8 56. 7 6 9 . 4  76 . 5 8 5 . 8 8 6. 4 73. 4 59.2 43 . 6 3 4 . 0
1975 35. 1 3 8. 2 4 7. 5 52 . 0 6 2 . 6 *  72.2 88 . 8 77. 4 76.4 5 4 . 6 4 2 . 0 37 .6
1976 36 . 0 4 0 . 6 4 6 . 0 60 . 3 72 . 6  71 . 6  84 . 2
Ave.  Min. Temperature  
( °F)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1967-
1974 17.5 2 2 . 3 2 5 . 0 3 0 . 0 3 6 . 3  44 . 6 4 5 . 2 4 5 . 4 37 . 0 29.  9 2 5 . 9 18.4
1975 18. 3 16.4 2 2 . 8 2 8 . 4 33 .2 **  41 .6 5 2, 7 4 5 . 6 36 . 8 4 3 . 0 22. 1 2 3 . 8
1976 19.4 19.6 22.  1 31. 7 36 . 1  4 2 . 6 48. 1
'• Significantly low (o = 0. 10). 
' ’"Significantly low {a = 0. 05).
T a b le  2 . L a s t  d a te s  d u r in g  s p r in g  w hen  th e  m in im u m  t e m p e r a t u r e  
d ro p p e d  be low  c e r t a i n  t e m p e r a t u r e s .  N o r th  S ta r  R anch , Idaho.
L a s t  day  s p r in g  m in im u m
Y e a r < 16°F < 2 0 ° F < 2 4 ° F < 2 8 ° F < 3 2 ° F
1 967-1974
1975
9 M a r c h  
2 9 M a r c h
1 A p r i l  
1 A p r i l
18 A p r i l  
21 M ay*
7 M ay  
28 M ay
2 7 M ay 
2 8 Ju n e* *
^ S ig n if ic a n t ly  l a t e  a  = 0. 10. 
’'" ' 'S ign if ican tly  l a t e  a  = 0 .0 5 .
T a b le  3. A v e ra g e  d a i ly  m a x im u m  and m in im u m  
t e m p e r a t u r e s ,  D e c e m b e r  1975 to  M a r c h  1976, 
Sheep C r e e k ,  Idaho .
M onth
A v e ra g e
m a x im u m
t e m p e r a t u r e
(°F )
A v e ra g e
m in im u m
t e m p e r a t u r e
(°F )
D e c e m b e r  1975 33. 6IÏ1 24. 5m
J a n u a r y  1976 31. 9 19. 7
F e b r u a r y  1976 36. 1 18. 7
M a r c h  1976 44. 1 2 3 .1
^ F i r s t  7 days  d a ta  m i s s i n g .
T able  4. Snow m e lt  out data  s in ce  1968 f ro m  th re e  snow pillow s n e a r  the B i t t e r ro o t  Divide.
Site E le v a t io n 1975 
m e l t  out
1976 
m e l t  out
H i s t o r i c a l  r e c o r d
M elt out 
a v e r a g e  d a teE a r l i e s t L a t e s t
Sadd le  Mtn. 7, 940 11 J u ly 2 8 Ju n e 11 J u n e 11 J u ly 2 7 Ju n e
T w e lv e  M ile 5, 600 13 Ju n e 22 M ay 10 M ay 13 Ju n e 24 M ay
T w in  L a k e s 6, 400 7 J u ly 1 J u ly 9 Ju n e 15 J u ly 28 J u n e
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p o p u la t io n s .  T h e  w e a t h e r  p a t t e r n s  f o r  1975 and  1976 w e r e  v e r y  
d i f f e r e n t .  S p r in g  1975 w a s  ab o u t 1 m o n th  l a t e r  (T ab le s  1, 2, and 4) 
th a n  a v e r a g e .  S p r in g  1976 a r r i v a l  w a s  abou t a v e r a g e .  W in te r  1975 
s t a r t e d  in  O c to b e r ,  w h ic h  i s  n o r m a l  (A rno  and  H ab eck  1972). In 1976, 
th e  f i r s t  snow  did no t f a l l  u n t i l  2 5 N o v e m b e r  and  w a s  only  a few in c h e s .
L a n d ty p e s
L a n d fo r m  is  " a  f e a t u r e  of th e  e a r t h ' s  s u r f a c e  w ith  a 
d i s t in c t iv e  f o r m  c h a r a c t e r  w h ic h  c an  be  a t t r i b u t e d  to  th e  d o m in a n c e  of 
p a r t i c u l a r  p r o c e s s e s  o r  p a r t i c u l a r  s t r u c t u r e s  in th e  c o u r s e  of i ts  
d e v e lo p m e n t  an d  to  w h ich  th e  f e a t u r e  c an  b e  c l e a r l y  r e l a t e d "  (S chw arz  
e t  a l .  1976:109). L a n d ty p e s  a r e  v i s u a l ly  id e n t i f ia b le  a r e a s  r e s u l t in g  
f r o m  h o m o g e n e o u s  g e o m o r p h ic  and  c l im a t i c  p r e s s u r e s  and  h av in g  
d e f in ed  p a t t e r n s  of s o i l s ,  l a n d f o r m s ,  and  v e g e ta t iv e  p o te n t ia l s .  
L a n d ty p e  u n i ts  g e n e r a l l y  h a v e  u n i fo r m  m a n a g e m e n t  r e s p o n s e  
c h a r a c t e r i s t i c s  and  s o  c a n  b e  u s e d  to  id e n t i fy  a r e a s  f o r  w h ich  zon ing  
and  r e s o u r c e  a l lo c a t io n s  c a n  b e  m a d e  (S ch w arz  e t  a l .  1976:113,
USFS 1976c).
M r .  N o r m a n  D a v is ,  s o i l s  s p e c i a l i s t  f o r  th e  B i t t e r r o o t  
N a t io n a l  F o r e s t ,  m a p p e d  th e  la n d ty p e s  on th e  w in te r  s tu d y  a r e a  
(F ig .  3). L a n d ty p e s  w e r e  d e s c r i b e d  w ith  t h e i r  in d ic a te d  p o te n t ia ls  
and  h a z a r d s  b y  G a r n  an d  M a lm g r e n  (1973). A lan d ty p e  m a p  is  
a v a i l a b le  f o r  th e  L o w e r  W e s t  F o r k  P la n n in g  Unit (USFS 1976a).
F ig .  3, W in te r  s tu d y  a r e a  m a p p e d  f o r  l a n d ty p e s .
L a n d ty p e
n u m b e r N a m e
3A
lOA
12A
14A
41
IlO A
110A2
l l l A
l l l A l
IlO A , l l l A
l l l A ,  l l l A
0
H igh  e le v a t io n  s o u th  s lo p e  
B r e a k la n d  w a r m  n o r th  s lo p e  
B r e a k la n d  c o o l  n o r th  s lo p e  
B r e a k la n d  c o o l  so u th  s lo p e  
R o c k  o u tc ro p
B r e a k la n d  v e r y  s h a l lo w  n o r th  s lo p e  
B r e a k la n d  v e r y  s h a l lo w  n o r th  s lo p e  
w ith  50-75%  r o c k  
B r e a k la n d  v e r y  sh a l lo w  so u th  s lo p e  
B r e a k la n d  v e r y  sh a l lo w  so u th  s lo p e  
w ith  2 5-50%  r o c k  
B r e a k la n d  c o m b in a t io n  of I lO A  an d  
111 A la n d ty p e s  w ith  I lO A  
p r e  d o m in a t in g  
B r e a k la n d  c o m b in a t io n  of l l l A  and  
I lO A  la n d ty p e s  w ith  111 A 
p r e d o m in a t in g
RIVER
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W ith in  th e  W i l d e r n e s s ,  la n d ty p e s  a r e  of g la c ia l  o r ig in .
V e g e ta t io n
Idaho  w in te r  r a n g e . M r .  B . Jo h n  L o s e n s k y  III and  I m a p p ed  
th e  s h e e p ' s  w in te r  r a n g e  f o r  v e g e ta t io n  c o v e r  ty p es  u s in g  b la c k - a n d -  
w h i te  a e r i a l  p h o to g ra p h s  a s  w e l l  a s  c o lo r  i n f r a r e d  p h o to g ra p h s  
(F ig .  4). T h e  c o v e r  ty p e s  a r e  b a s e d  on w ha t is  now p r e s e n t  r a t h e r  
th a n  c l im a x  h a b i ta t  ty p e s .  T h e s e  ty p e s  a r e  b a s e d  p r in c ip a l ly  on the  
s t r u c t u r e  of th e  v e g e ta t iv e  c o m m u n i t i e s .  V e g e ta t io n  c a t e g o r i e s  of the  
W h ite  C ap  f i r e  m a n a g e m e n t  p la n  (A ld r ic h  and  M utch  1972) w e r e  u sed  
w h en  a p p l ic a b le ;  in a d d i t io n ,  P f i s t e r  e t  a l .  (1974) c l im a x  h a b i ta t  ty p e s  
a r e  r e f e r e n c e d .
B r u s h .  T h is  i s  th e  s h r u b f ie ld  d e s c r ib e d  b y  A ld r ic h  and  
M u tch  (1972) and  i s  b a s i c a l l y  an  e a r l y  s e r a i  s ta g e  of a D o u g las  f i r /  
n i n e b a r k - n i n e b a r k  (P s e u d o t s u g a  m e n z i e s i i  / P h y s o c a r p u s  m a l  vac  eus - 
P h y s o c a r p u s  m a l v a c e u s ) h a b i ta t  ty p e .
S av an n a . S a v a n n a  in c lu d e s  the  p o n d e r o s a  p in e  s a v a n n a  of the  
W hite  C ap  s tu d y .  T h e  c l im a x  h a b i ta t  ty p e s  in c lu d e  p o n d e r o s a  p in e /  
b lu e b u n c h  w h e a t g r a s s  (P in u s  p o n d e r  o s a /A g r o p y r  on s p i c a t u m ) and 
D o u g la s  f i r / r o u g h  f e s c u e  (P s e u d o t s u g a  m e n z i e s i i / F e s t u c a  s c r a b r e l l a ).
P o n d e r o s a  P in e /D o u g la s  F i r  so u th  s lo p e .  As d e s c r ib e d  in  
th e  f i r e  p la n ,  th is  ty p e  i s  a  D o u g la s  f i r / n i n e b a r k  h a b i ta t  ty p e ,  
p i n e g r a s s  p h a s e  (P s e u d o t s u g a  m e n z i e s i i / P h y s o c a r p u s  m a l v a c e u s -
F ig .  4 . W in te r  s tu d y  a r e a  m a p p e d  f o r  v e g e ta t io n  c o v e r  
t y p e s .
C o v e r  ty p e  S y m b o l
C lif f  C
R o c k  o u tc ro p  R
P o n d e r o s a  p in e /D o u g la s  f i r  P P / D F
s o u th  s lo p e  
N o r th  s lo p e  N
B r u s h  B
S a v a n n a  S
B u n c h g r a s s  BG
tl3A ld
P P /D F
%
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C a l a m a g r o s t i s  ru b e s  c e n s ).
N o r th  s lo p e .  T h is  in c lu d e s  a c o m b in a t io n  of D oug las  f i r /  
n i n e b a r k - n i n e b a r k ,  D o u g la s  f i r / b e a r g r a s s  (P s e u d o ts u g a  m e n z i e s i i / 
X e ro p h y l lu m  t e n a x ). G ra n d  f i r / g o l d t h r e a d  (A b ies  g r a n d i s / C o p tis  
o c c i d e n t a l i s ). G ra n d  f i r / b e a d l i l y  (A b ie s  g r a n d i s / C lin to n ia  u n i f lo r a ), 
A lp in e  f i r / t w i n f l o w e r  (A b ie s  l a s i o c a r p a / L in n a e a  b o r e a l i s ), an d  A lp ine  
f i r / b e d s t r a w  (A b ie s  l a s i o c a r p a / G a liu m  t r i f l o r u m ) h a b i ta t  ty p e s .
T h e s e  h a b i t a t  ty p e s  c a n  b e  r e l a t i v e l y  e a s i l y  s e p a r a t e d  but a r e  lu m p e d  
to g e th e r  b e c a u s e  s h e e p  do n o t  o f ten  u s e  n o r th  s lo p e  c o m m u n i t ie s  and  
to  k eep  th e  n u m b e r  of v e g e ta t io n  c a t e g o r i e s  s m a l l  f o r  l a t e r  s t a t i s t i c a l  
t e s t s .
C lif f .  S teep  e x p o s e d  b e d r o c k ,  m u c h  l ik e  th a t  of S m ith  (1954). 
M o u n ta in  m a h o g a n y  (C e r c o c a r p u s  l e d i f o l i u s ), g r e e n b u s h  (G lo s so p e ta lo n  
n e v a d e n s e ), an d  g o o s e b e r r y  (R ib e s  sp p .  ) a r e  im p o r ta n t  s h r u b s .
R o c k  o u tc ro p .  T h is  c o v e r  ty p e  c o n s i s t s  of v e r y  sh a llo w  s o i l s  
w ith  e x p o s e d  b e d r o c k  and  b a r e  s o i l .  S h ru b s ,  m a in ly  o c e a n s p r a y  
(H o lo d is c u s  d i s c o l o r ), a r e  c o m m o n  in  d ra in a g e w a y s  and  be low  c l i f fs .  
O th e r  c o m m o n  s p e c i e s  a r e  b lu e b u n c h  w h e a tg r a s s  (A g ro p y ro n  s p i c a tu m ), 
Idaho  f e s c u e  (F e s t u c a  i d a h o e n s i s ), J u n e g r a s s  (K o e le r i a  c r i s t a t a ), 
g r e e n b u s h ,  m o u n ta in  m a h o g a n y ,  y a r r o w  (A c h i l le a  m i l l e f o l iu m ), 
L o m a t iu m  s p p . , and  E r io g o n u m  h e r a c l e o i d e s . R o ck  o u tc ro p s  in  
w i n t e r  and  s p r in g  a r e  sh o w n  in  F i g s .  5a and  5b. F ig .  5c i s  a p h o to ­
g r a p h  of a c o m p a r a b le  c o v e r  ty p e  a lo n g  th e  M iddle  F o r k  of the
F ig. 5a. Photo showing the rock outcrop cover type during 
winter 1975 (photo courtesy of W. O. Hickey).
5b. Photo showing the rock outcrop cover type during 
spring 1976.
5c. Photo showing a com parable cover type that occurs 
along the Middle Fork of the Salmon R iver, Idaho 
(photo courtesy  of W, O. Hickey).
w
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S a lm o n  R iv e r .
B u n c h g r a s s .  T h is  is  p ro b a b ly  an  e a r l y  s u c c e s s io n a l  s ta g e  of 
th e  s a v a n n a  ty p e .  It is  s i m i l a r  to  r o c k  o u tc ro p  but h a s  m u ch  l e s s  
e x p o se d  r o c k ,  s o i l s  a r e  b e t t e r  d e v e lo p e d ,  and s h r u b s  a r e  f e w e r .
L o s e n s k y  m a p p e d  th e  c l im a x  h a b i ta t  ty p e s  of th e  w in te r  s tu d y  
a r e a  (F ig .  6).
M o n tan a  s u m m e r  r a n g e . H a b i ta t  ty p e s  o u ts id e  of th e  
W i ld e r n e s s  b o u n d a ry  a r e  d e s c r i b e d  in  th e  L o w e r  W es t  F o r k  P la n n in g  
Unit (USFS 1976a). T h e  v e g e ta t io n  b e tw e e n  th e  W i ld e r n e s s  b o u n d a ry  
an d  th e  Id a h o -M o n ta n a  D iv id e  i s  b a s i c a l l y  su b a lp in e .  T he  lo w e r  
e le v a t io n s  a r e  D o u g la s  f i r / b e a r g r a s s  and  A lp ine  f i r / b e a r g r a s s  (A b ies  
l a s  io c a r p a  / X e ro p h y l lu m  t e n a x ). U p p e r  e le v a t io n s  r a n g e  f r o m  
W h i te b a r k  p in e  (P in u s  a l b i c a u l i s ) c o m m u n i t i e s  to  a lp in e .  T i m b e r l in e  
i s  a p p r o x im a te ly  8 ,4 0 0 -8 ,5 0 0  f e e t  (2 ,560 to  2,591 m ) (L a c k sc h e w itz  
1970). A lp in e  l a r c h  (L a r i x  l y a l l i i ) i s  im p o r ta n t  on n o r th  s lo p e s  and  
in  p r o t e c t e d  b a s in s  (A rno  an d  H a b ec k  1972). L a c k s c h e w i tz  (1970) 
d e s c r i b e d  th e  a lp in e  v e g e ta t io n  in  th e  W a tc h to w e r  P e a k ,  M ount 
J e r u s a l e m  and  B o u ld e r  P e a k  r e g io n  a s  w e l l  a s  s o m e  of th e  a s s o c i a t e d  
s u b a lp in e  v e g e ta t io n .
F i r e  H i s to r y
F i r e  h a s  p la y e d  an  im p o r ta n t  r o l e  in th e  e c o lo g ic a l  h i s t o r y  of 
th e  N o r th e r n  R o ck y  M o u n ta in s  (W e l ln e r  1970), and  th e  v e g e ta t io n  of the
F ig . 6. Winter study area mapped for habitat types.
Habitat type Symbol
Rock R
Scree SC
Ponderosa pine/Idaho fescue PF
Douglas fir/bluebunch wheatgrass DA
Douglas fir  / p inegrass -bluebunch
wheatgrass DC-A
Douglas fir/ninebark-ninebark DP
Douglas fir/n inebark-p inegrass DP-C
Grand fir / goldthread GC
Grand fir /b ea d lily GCL
Douglas f ir /p in eg ra ss-p in eg ra ss DC
Douglas fir /b eargrass-h u ck leb erry DX
Alpine fir/tw inflow er AL
Alpine fir/bedstraw AG
Alpine fir /b eargrass-h u ck leb erry AX
DC
CCI
GC\
SCREE
SC
0%
DP
PF
PF SCREE
PF
SCSheep Creek
SCREE
DX
DP
DX
5 ^DASC 80
DA
DP DXSCREE DP
SCREE
DR CCI
o D P -C
DA DP -o
-o
DX
GCDP
D P -C
Woshout Creek
DX
DP
Creek
DA D/\
DP
DP
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B i t t e r r o o t  M o u n ta in s  r e f l e c t  i t s  in f lu e n c e  (H abeck  1972). L e ib e r g  
(19 0 0 :p la te  CXXXVII) found  e v id e n c e  of f i r e s  o v e r  m u c h  of th e  
B i t t e r r o o t  F o r e s t  R e s e r v e  (F ig .  7). A m a p  of m a j o r  f i r e s  1889-1976 
(F ig .  8) w a s  p r e p a r e d  b a s e d  on in f o r m a t io n  f r o m  th e  B i t t e r r o o t  
N a t io n a l  F o r e s t  an d  th e  W e s t  F o r k  R a n g e r  D i s t r i c t .  T h e  b ig h o rn  
s h e e p 's  r a n g e  h a s  b e e n  r e p e a t e d l y  b u rn e d ;  ye t ,  N o r b e r g  and  T ro u t  
(1957) and  A non. (n. d. ) show  no f i r e s .
T h e  w i n te r  r a n g e  of th e  b ig h o rn s  is  a d ja c e n t  to  th e  W hite  C ap 
F i r e  M a n a g e m e n t  U n it (A ld r ic h  and  M u tch  1972, USFS 1976b).
T a b le s  5 an d  6 p r e s e n t  f i r e  f r e q u e n c y  and in te n s i ty  i n f o r ­
m a t io n  f o r  s p e c i f ic  v e g e ta t io n  ty p e s  f o r  the  w in te r  (A ld r ich  and  M utch 
1972) an d  s u m m e r  (A rn o  1976) r a n g e s ,  r e s p e c t iv e ly .
L iv e s to c k  U se
B a s e d  on th e  r e c o r d s  of th e  W e s t  F o r k  D i s t r i c t  of the  
B i t t e r r o o t  N a t io n a l  F o r e s t ,  th e  s tu d y  a r e a  h a s  b e e n  g r a z e d  b y  bo th  
d o m e s t i c  s h e e p  (O vis  a r i e s ) an d  c a t t l e  (B os  t a u r u s ). Sheep p ro b a b ly  
u s e d  th e  a r e a  p r i o r  to  1900, bu t  th e  f i r s t  r e c o r d e d  u se  w a s  f o r  1,200 
h e a d  in 1927. T h e s e  s h e e p  w e r e  h e r d e d  up th e  W e s t  F o r k  of the  
B i t t e r r o o t  R iv e r  th r o u g h  th e  W a tc h to w e r  and  S h eep h ead  c r e e k s  r e g io n  
o v e r  th e  s t a t e  l in e  and  down to  th e  S e lw ay  R iv e r  v ia  th e  C o o p e r  P o in t -  
G r e e n  M o u n ta in  r id g e .  T h e  l a s t  s h e e p  d r iv e  w a s  in  1942 
(W o lfe n b a rg e r ,  p e r s o n a l  c o m m u n ic a t io n ) .
F ig. 7. Map of B itterroot F orest R eserve showing burned 
areas (by J. B. L eiberg).
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s h o w in g
BURNED AREAS
BTJALEIBERG
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Are*a'burned over between 1749-1799 
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Absence of ruling indicates a reas  not burned over during the paA. 
180 years to tiw extent of destroying the ftxeat
F ig .  8. M ap of s tu d y  a r e a  show ing  h i s t o r i c a l  f i r e s .
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T a b le  5. F i r e  f r e q u e n c y  an d  in t e n s i t y  b y  e c o lo g ic a l  la n d  u n i ts  in  th e  
W h ite  C ap  F i r e  S tudy A r e a  ( a f t e r  A ld r ic h  and M utch  1972).
E c o lo g ic a l  la n d  u n it F i r e  in te n s i ty F i r e  c y c le
S h ru b f ie ld h ig h m u lt ip le  f i r e s  a t  
s h o r t  i n t e r v a l s
P o n d e r o s a  p in e  
s a v a n n a low (g ro u n d  f i r e s ) 10 to  25 y e a r s
P o n d e r o s a  p in e /D o u g la s  f i r  
s o u th  s lo p e s low to  m o d e r a te 5 to  50 y e a r s
N o r th  s lo p e  c o m m u n i t i e s h igh 150 to  200 y e a r s
S u b a lp in e low 100 to  250 y e a r s
Table 6. F ir e  freq u en cies for the period 1735 to 1900 in the B itterroot N ational F o r e st , Montana, 
within 200 to 800 acre  habitat type units (stands) (Arno 1976, Table 1).
F req u en cies are  based on a ll f ir e -y e a r s  identified
W est F ork
Habitat type groups^ (potential clim ax)
D escr ip tiv e
location
G eneral
e levation s
(feet)
Dom inant tr e e s  
with continued  
f ir e  exclu sion  
(d ecreasin g  
abundance)
Dominant 
o v ersto ry  
b efore 1900 
(d ecreasin g  
abundance)
No. of 
stands  
(no. of 
tr e e s )
Mean
fir e - f r e e
in terva l
(m in-m ax
in terval)
P inus p o n d ero sa /F estuca  idah oen sis  
P seudotsuga m en z ie s ii/A g ro p y ro n  sp icatum  
P seu d o tsu g a /C a la m a g ro stis , P . ponderosa phase
V a lley  edge^ 3 ,8 0 0 -5 ,0 0 0 Douglas f ir  & 
ponderosa pine
ponderosa pine 1
(7)
10 y ea rs  
(2-18)
P seu d o tsu g a /P h y so ca rp u s m alvaceous  
P seu d o tsu g a /C a la m a g ro stis  (except Gal. phase) 
P seu d otsuga/Sym p horicarp os alb us 
P seu d o tsu g a /V a c . globulare (except X et. phase)
Montane s lo p es 4, 2 0 0 -6 ,2 0 0 Douglas fir ponderosa pine 
Douglas f ir  
lodgepole pine 
w estern  larch
4
(23)
19 y ea rs  
(2-48)
A bies grandis habitat types M oist canyon 4 ,3 0 0 -4 ,7 0 0 grand fir w estern  larch  
lodgepole pine 
D ouglas fir
- - - -
P seu d o tsu g a /C a la m a g ro stis , C alam agr. phase  
P seu d o tsu g a / V a c . g lobu lare, X erophy. phase  
A bies la sio ca rp a /X ero p h y llu m  tenax  
A b ies la s io ca r p a /M en z ie s ia  ferruginea  
A b ies la sio ca rp a /L in n a ea  b o r e a lis
L ower subalpine  
s lo p es
6, 0 0 0 -7 , 500 subalpine f ir  
D ouglas fir
lodgepole pine  
Douglas fir
3
(13)
28 y ea rs  
(5 -67)
A b ies la sio ca rp a /L u zu la  h itchcock ii 
A. la sio ca rp a -P in u s a lb ica u lis /V a c . scoparium  
Pinus a lb ica u lis-A b ies  la sio ca rp a
Upper subalpine  
s lo p es
7 ,5 0 0 -8 ,6 0 0 subalpine fir  
w hitebark pine
w hitebark pine 
lodgepole pine
2
(14)
33 y ea rs  
(2 -68)
^ P fister  et a l. (1976).
^Sites at the edge of the B itterroot V a lley  near a rea s inhabited by Indians.
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B eg in n in g  in 1943, c a t t l e  w e r e  g r a z e d  on the  s u m m e r  s tu d y  
a r e a  un ti l  1967. G ra z in g  of d o m e s t ic  a n im a ls  w a s  d is c o n t in u e d  
b e tw e e n  1945 and  1947 and  f r o m  1968 to  1971. T he  a l lo tm e n t  w as  
ty p ic a l ly  f o r  58 c a t t l e  and  290 a n im a l  m o n th s  f o r  a p e r io d  f r o m  1 Ju n e  
to  31 O c to b e r  w ith  a 2 -w e e k  le e w a y  in  th e  beg in n in g  and end ing  d a te s .  
T h e  c a t t l e  w e r e  b a s i c a l l y  co n fin ed  to  a n a r r o w  s t r i p  a long  th e  c r e e k  
b o t to m s  (F ig .  9), r e s u l t i n g  in  h e a v y  u se ;  h o w e v e r ,  th e  r a n g e  w as  in  
f a i r  to  good c o n d it io n  due to  th e  w a n d e r in g  of the  a n im a l s .  T he  
g r a z in g  a l lo tm e n t  w as  c a n c e l le d  in  1972, p r i m a r i l y  due to  w ild l i fe  
c o n s id e r a t io n s .
B ig h o rn  Sheep  H is to ry
L ew is  and  C la r k  w e r e  to ld  b y  Ind ians  th a t  t h e r e  w e r e  l a r g e  
n u m b e r s  of b ig h o rn  s h e e p  p r e s e n t  in  the  B i t t e r r o o t  M o u n ta in s ,  w ith  
th e  g r e a t e s t  d e n s i ty  a lo n g  the  m a in  d iv ide  (B u e ch n e r  1960:25). T he  
L ew is  and  C la r k  p a r t y  s h o t  a t  s h e e p  n e a r  T r a v e l l e r ' s  R e s t  (L olo  
C re e k )  (T h w a ite s  1969:246). T h e r e  h a s  b e e n  r e l a t i v e ly  l i t t l e  
in fo r m a t io n  abou t s h e e p  n u m b e r s  s in c e  th a t  t im e  (T ab le  7).
T h e  h u n ting  h i s t o r y  f o r  t h e s e  s h e e p  in M on tana  is  s u m m a r i z e d  
in T a b le  8. I n t e r e s t  show n  b y  h u n te r s  h a s  i n c r e a s e d  in  r e c e n t  y e a r s .  
T h e  n u m b e r  of a p p l ic a n ts  f o r  th e  f iv e  p e r m i t s  w as  103, 165, and  362 
in  the  y e a r s  1974, 1975, and  1976, r e s p e c t i v e l y  (Young and  J a n s  on, 
p e r s o n a l  c o m m u n ic a t io n s ) .  Idaho h a s  no t h ad  a hun ting  s e a s o n  on th is  
h e r d .
F ig .  9. M ap of s tu d y  a r e a  show ing  lo c a t io n  of p a s t  l iv e s to c k  
g ra z in g .
L
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/
Scale in Miles 
0  I 2
R I S E R 2 2  W
T 3 0 N
ô_,VV%L.DEI
: B a r e  %Pk
T 2 9 N
Ntison
L a k t
Watchlower 
Pk
Cooper
Mt
Jerusalem
T 2 8 N
Costie
Rock
R 2 2  w R 2  I W R 2 0 W
Conner
Cr_Tropper Pk
" T E R R Q O T
East
T 2 9 NBoulder Pt RocKy 
K n o P  ;
W E S T  
F O R K  R  D j,c^
Rombc Wtn
.Wiles
for T 2 8 N
O  V 
P i q u e  t t  
M tn
Bare
Cone
Pamfed 
R ocks 
Lake ({t
T able  7. E s t im a te s  of n u m b e rs  of b ig h o rn  sheep  in the B i t te r ro o t  M ountains.
D ate S o u rc e O b s e r v a t io n M ethod
1937 M a c la y  (1937) 40 s h e e p  n e a r  th e  S e lw ay  R iv e r G ro u n d  coun t
1950 C o u ey  (1950) A bout 10 s h e e p  a lo n g  th e  D iv ide  
p a r t l y  in  M o n tan a  and  p a r t l y  in  
Idaho
Unknown
1954 B u e c h n e r  (1960) 10 to  15 s h e e p  a t  the  h e a d  of 
W a tc h to w e r  C r e e k
Unknown
W in te r  1956-57 N o r b e r g  an d  T r o u t  
(1957)
2 e w es  and  2 IV r a m s  in  Sheep  
C r e e k .  R e p o r t  f r o m  a  lo c a l  
r e s i d e n t  of 35 sh e e p  a  few y e a r s  
e a r l i e r .
H e l ic o p te r  s u r v e y
F a l l  1970 F i r e b a u g h  (1971) P a u l  R ey n o ld 's  o b s e r v a t io n s  
in d ic a te d  a  p o p u la t io n  > 5 0  sh e e p  
in  the  W a tc h to w e r -S h e e p h e a d  
c r e e k s  r e g io n
G ro u n d  coun t
3 M a r c h  1971 P e h r s o n  (1971) 26 s h e e p  in  an  a r e a  f r o m  Snake 
C r e e k  to  Ind ian  C r e e k
H e l ic o p te r  s u r v e y
DO
O)
27
T a b le  8. 
250).
B ig h o rn  s h e e p  h u n tin g  h i s t o r y  in M ontana  (hunting d i s t r i c t
Y e a r S e a so n Q uota H a rv e s t
1804- 1871 Y e a r lo n g No r e s t r i c t i o n s
1872 16 A ug-31  J a n No r e s t r i c t i o n s
1895 1 Sep - 1 J a n 8 sh ee p
1910 1 O ct - 1 D ec 1 sh ee p
1915- 1963 C lo se d
1964 3 O ct -22 Nov 3 3 / 4 - c u r l  r a m s 2
1965 25 Sep -28  Nov 5 e i th e r  s e x  (ES) 2**
1966 24 Sep -15  Dec 5 ES 1
1967 26 Sep -26 Nov 3 ES 1
1968 15 Sep -15 D ec 5 ES 3
1969 15 Sep -14  Dec 5 ES 0
1970 15 Sep -29  Nov 5 ES 3 . , ,
1971 15 Sep -2 8 Nov 5 ES 1
1972 15 Sep -26 Nov 5 3 / 4 - c u r l  r a m s 1
1973 15 Sep -2 5 Nov 5 3 / 4 - c u r l  r a m s 0
1974 15 Sep -24  Nov 5 3 / 4 - c u r l  r a m s 3
1975 15 Sep -23 Nov 5 3 / 4 - c u r l  r a m s 3
1976 15 Sep -28  Nov 5 3 / 4 - c u r l  r a m s 1
Sex unknow n. 
In c lu d e s  one f e m a le .
' '1804 to  1963 d a ta  M u s s e h l  and  H ow ell, e d s .  (1971). 
H a r v e s t  d a ta  1964 to  1972, F i r e b a u g h  1973.
A ll o th e r  d a ta  J a n s o n  (p e r s o n a l  c o m m u n ic a t io n ) .
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A d ja ce n t  s h e e p  p o p u la t io n s  in c lu d e  a n a t iv e  p o p u la t io n  in  
Idaho th a t  s t a y s  a lo n g  th e  S a lm o n  R iv e r ,  a  n a t iv e  p o p u la t io n  th a t  
s u m m e r s  n e a r  S a lm o n  M ou n ta in ,  Idaho, and  th e  r e c e n t ly  r e in t r o d u c e d  
p o p u la t io n  a long  th e  E a s t  F o r k  of the  B i t t e r r o o t  R iv e r  in  M o n tan a .
CHAPTER III
M A T E R IA L S AND M ETHODS
G ens u s in g
B ig h o rn  s h e e p  w e r e  c e n s u s e d  p e r io d i c a l l y  on th e  s u m m e r  
and  w in te r  r a n g e s  of th e  s tu d y  a r e a  b e tw e e n  8 J u n e  1974 an d  10 Ju n e  
1976, D u r in g  e a c h  o b s e r v a t io n ,  p h y s io g ra p h ic  c h a r a c t e r i s t i c s ,  g ro u p  
s t r u c t u r e ,  b e h a v io r ,  c l im a t i c  co n d i t io n s ,  and  v e g e ta t io n  w e r e  r e c o r d e d  
on d a tu m  f o r m s  (F ig . 10). O nly  one r e c o r d  w a s  m a d e  d a i ly  fo r  e ac h  
g ro u p ,  bu t  a d d i t io n a l  n o te s  w e r e  m a d e  in a  d ia r y  on b e h a v io r ,  h a b i ta t  
u s e ,  and r e o b s e r v a t i o n s .
D u r in g  s p r in g ,  s u m m e r ,  and  f a l l  w hen  sh ee p  w e r e  a t  h igh  
e le v a t io n s ,  1 m a d e  4 -  to  1 0 -d a y  b a c k p a c k in g  t r i p s  in to  d r a in a g e s .
H ikes w e r e  th en  m a d e  d a i ly  f r o m  th e  b a s e  c a m p .  T h is  a r r a n g e m e n t  
kep t m e  c o n s ta n t ly  in s h e e p  h a b i ta t  and  h ad  l i t t l e  im p a c t  on the  s h e e p .
F r o m  6 D e c e m b e r  1975 to  27 M ay 1976, 1 l iv ed  co n tin u o u s ly ,  
ex cep t  fo r  two 1 -w e e k  p e r io d s ,  at a c am p  n e a r  the  m o u th  of Sheep 
C r e e k ,  Idaho . T he  s h e e p  w e r e  l i t t l e  d i s tu r b e d  by m a n  s in c e  the  ro a d  
is  not p low ed  and  th e  on ly  a c c e s s  i s  a 4 0 - m i le  (64 km ) sn o w m o b ile  
t r i p .  D epend ing  on snow  c o n d i t io n s ,  day long  h ik in g , sn o w sh o e in g ,  
o r  c r o s s - c o u n t r y  s k i in g  t r i p s  w e r e  m a d e  o v e r  th e  s h e e p 's  w in te r
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Bighorn Sheep Datum Sheet
Date T im e  of Day_ Map Code No.
Location
P h y s io g ra p h ic  C h a r a c te r i s t i c s :  
E x p o su r e :_____________________
Site: Cliffs B ou ld er  F ie ld
Wet m e a d o w s_
Canyon bottom_
C on iferous fo rest_
O ther______________
Slope:_________________
D ry m e a d o w s___
_  Mountain peak_  
_______ A lp in e____
Convex Concave
T alus  s lo p e ___
G r a s sy  s lopes_
  Ridge top___
  Subalpine___
Band Structure: Band s i z e __
Ram s: Num ber and ages_
Ewes:  Num ber and ages_
Lam bs: N u m b er _______________
Marked ind iv iduals  (describe):
Photographs ( identif icat ion  num bers):_
Sh eep’s Activ ity: Lam bing_______  Rutting_______  F e e d in g _
F ighting   Suckling  R e s t in g   T ravel ing_
L ick ing   Drinking  O ther______________________
R e la t iv e  Condition of the Sheep: Good_ 
Poor  C om m ents
F a ir
F e c a l  Sam p les  C ollected :  Yes_  
w hich
Sam ple No. and fro m
C lim a t ic  F a c to r s :  
R ela t iv e  tem p:_
Precip ita t ion :  R ain ing____
S leet ing  or ha i l in g_____
Amount or degree:  Heavy_
C o m m e n ts______________
Sunlight: F u l l____
F oggy________
Wind:
Snov/ing_
Aloderate Light_
P a r t ly  c loudy_ Cloudy_
Wind direct ion:  V ar iab le_  
E ast  W est
North South
Snow : D e p t h ______
Kind: Pow der
Corn
Soft cru st
Slush
Approx. d is ta n ce  sh eep  s ink  into snow_
D ista n ce  c o m paction  gauge s in k s _______
Size  of sn o w fr ee  a r ea  ____
Hard crust
Other
U se  of the a r ea  by sheep: Rutting ground__
Drinking s i t e ________ Lam bing ground____ M ineral  l ick
W inter range_
F a ll  r a n g e___
Other
  Spring r a n g e _
Bedding ground_
Su m m er  range_
V egeta t ion  (given s p e c i e s ,  he ight  and so m e  e s t im a te  of cover):  
T r e e  union
Shrub union
H erba ceo u s  union
Additional data co llec ted :  
Suckling t i m e s _________ F ee d in g  s i te  o b servat ions_
V egeta t ion  d e sc r ip t io n  of the a r e a _  
D e sc r ip t io n s  of ind ividual an im als_  
Other
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r a n g e .
S ta n d a rd iz e d  c e n s u s  r o u te s  (F ig .  11) w e r e  w a lk ed  a p p r o x i ­
m a te ly  o n ce  a  w e ek  to  o b ta in  p o p u la t io n  e s t i m a te s  of the  w i n t e r - s p r i n g  
ra n g e  and  an  index  of h a b i ta t  s e le c t io n .  R o u te s  1 and  2 w e r e  r e g u l a r l y  
w a lk ed  and  ro u te  3 w a s  o c c a s io n a l ly  u se d  d u r in g  th e  w in te r  p e r io d .  
R ou te  3 w a s  w a lk ed  on a r e g u l a r  b a s i s  w hen  th e  s h e e p  b e g a n  to  
d i s p e r s e  in  th e  s p r in g .  P o p u la t io n  e s t i m a t e s  w e r e  b a s e d  on o b s e r v a ­
t io n s  f r o m  ro u te s  1 and  3 th a t  f e l l  in to  a r e a s  A and  B, p lu s  a l l  o b s e r ­
v a t io n s  f r o m  ro u te  2. T h is  p o p u la t io n  e s t i m a te  s e e m s  a c c u r a t e  s in c e  
I w a s  a b le  to  m a k e  c h e c k s  on s h e e p  m o v e m e n ts  aw ay  f r o m  a r e a s  A and  
B.
At a l l  t im e s  of the  y e a r ,  I o b s e r v e d  s h e e p  f r o m  d is ta n c e s  of 
20 to  m o r e  th an  3 ,500 y a r d s  (18 to  3,200 m) u s in g  8 x 3 0  b in o c u la r s  and  
a 2 0 -4 5 X  v a r i a b l e  sp o t t in g  s c o p e .  Sex and  age  g ro u p s  w e r e  r e c o r d e d  
a s  d e s c r ib e d  b y  G e is t  (1 9 7 1 :5 3 -5 7 ) .  At t im e s ,  due to  d i s ta n c e s  
in v o lv ed , t h e r e  w as  a te n d e n c y  to  u n d e r e s t im a te  h o rn  s iz e ;  th u s ,  
s o m e  y e a r l i n g  r a m s  w e r e  p r o b a b ly  c l a s s i f i e d  a s  e w es .
At v a r io u s  t im e s  of th e  y e a r ,  f ix e d -w in g  a i r c r a f t  w e r e  u s e d  
to  s u p p le m e n t  g ro u n d  o b s e r v a t io n s .
C a p tu re ,  M ark in g ,  and  T e l e m e t r y  T e c h n iq u e s
An a t te m p t  w as  m a d e  to  c a p tu r e  and  m a r k  b ig h o rn  s h e e p  f o r  
d o c u m e n ta t io n  of d a i ly  an d  s e a s o n a l  m o v e m e n ts  and  to  o b ta in  an
% ' *Cj
b u m
i.
Scale In Miles
Scalç In Miles 
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u n b ia s e d  e s t i m a te  of h a b i ta t  u s e .  D u r in g  J u ly  1974, a c lo v e r  t r a p  
w a s  e r e c t e d  a t  the  n a t u r a l  m i n e r a l  l i c k  n e a r  S h eep h ead  C re e k ,  
M o n tan a .  T h e  t r a p  w as  b a i t e d  w ith  a  5 -pound  (2.3 kg) b lo c k  of s a l t  
(N aCl 99%, i n e r t  m a t t e r  1%).
W ith  th e  a id  of M r .  P a u l  R ey n o ld s ,  I a l s o  a t te m p te d  to 
t r a n q u i l i z e  sh eep  on th e  s u m m e r  r a n g e .  U sing  a C a p - c h u r  gun, we 
s ta lk e d  and  s h o t  s h e e p  w ith in  40 y a r d s  (36 m ) u s in g  a 3 cc d a r t  
co n ta in in g  th e  d o sa g e  of p h e n c y c l id in e  h y d r o c h lo r id e  (S erny lan )  and  
p r o m a z in e  h y d r o c h lo r id e  (S p a r in e )  r e c o m m e n d e d  by St e lf  ox and 
R o b e r t s o n  (1976) fo r  th a t  in d iv id u a l 's  w e ig h t .  T h e  a g e / s e x  w e ig h t  
c u rv e  of B lood  e t  a l .  (1970) w a s  u s e d  to  h e lp  e s t i m a te  body  w e ig h ts .
T r a n q u i l i z e d  a n im a l s  w e r e  m e a s u r e d  (F ig .  12) and  m a r k e d  
w ith  b r a id e d  ro p e  c o l l a r s  (C ra ig h e a d  et a l.  1969) and  AVM r a d io  
t r a n s m i t t e r s  (150 M hz) p o t te d  in b e e s w a x  and  a c r y l i c  w hich  w e r e  
a t ta c h e d  to  w ebb ing  c o l l a r s .
Sheep w e r e  s ig h te d  on t h e i r  s u m m e r  r a n g e  o r  lo c a te d  by  
r a d io  t e l e m e t r y  f r o m  a C e s s n a  182 w ith  a Y agi an ten n a  a t ta c h e d  to  
e a c h  w ing  s t r u t .  An AVM r e c e i v e r  w a s  u s e d .  On w in te r  r a n g e ,  
m a r k e d  a n im a ls  w e r e  lo c a te d  v i s u a l ly  and  by  r a d io  t e l e m e t r y  f r o m  
th e  g ro u n d .  A loop a n te n n a  w a s  th e n  u s e d  w ith  th e  AVM r e c e i v e r .
G ro u p  F id e l i ty
G roup  c o n s ta n c y  a s  d e s c r ib e d  b y  K nigh t (1970) is  e x p r e s s e d
F ig .  12. D a tu m  c o l le c t io n  f o r m  fo r  m a r k e d  sh ee p .
(B lack)
r o p e  c o lo r
C ode 1-
R ad io  t r a n s m i t t e r  
No.
D ate
Sex_
A g e _
W eig h t__
L o c a t io n
T rapped_
D ru g g ed
D rug_
m g . _
How
m g / l b s _______
in je c t io n  s i t e
A n im a l 's  cond ition :
B lood S a m p le  No. _
B ody m e a s u r e m e n t s :  
T o ta l  le n g th ______ Hind foot T a i l
N e ck  ( l a r g e s t  c i r c u m .  )__
N e ck  ( s m a l l e s t  c i r c u m .  ) 
C h e s t  g i r t h __________ Ear_
H orn  m e a s u r e m e n t s :  
G r e a t e s t  s p r e a d _ T i p - t o - t i p  s p r e a d  
R igh t Left
L en g th  of h o r n s  
C i r c u m .  a t  b a s e  
C i r c u m .  a t  f i r s t  q u a r t e r  
C i r c u m .  a t s e c o n d  q u a r t e r  
C i r c u m .  a t  t h i r d  q u a r t e r
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as  th e  p r o b a b i l i ty  of tw o a n im a l s  o c c u r r in g  to g e th e r  by  C o le 's  (1949) 
c o e f f ic ie n t .  T he  d e g r e e  of a s s o c ia t i o n  b e tw e e n  tw o s h e e p  w as  c a l c u ­
la te d  fo r  e a c h  s e a s o n  of th e  y e a r .  A p e r f e c t  p o s i t iv e  a s s o c ia t i o n  
b e tw e e n  any two in d iv id u a ls  h a s  a c o e f f ic ie n t  of + 1 .0 0 ;  n e g a t iv e  
a s s o c ia t i o n  h a s  a  c o e f f ic ie n t  of - 1.00 and  r a n d o m  o c c u r r e n c e  h a s  a 
c o e f f ic ie n t  of 0.
C e n t e r s  of A c t iv i ty
C e n t e r s  of a c t iv i ty  f o r  in d iv id u a l ly  m a r k e d  a n im a ls  w e r e  
lo c a te d  on a USFS b a s e  m a p  [ s c a le  j  in ch  to  1 m i le  (1 .2 7  cm  to  
1 .6 0 9  km )] u s in g  a  l / l 6 th  s q u a r e  m i le  ( .1 6  km ^) g r id  o v e r l a y  (Hayne 
1949). T he  c e n t e r s  of a c t i v i ty  w e r e  th e n  u s e d  to  c a lc u la te  th e  a n i m a l 's  
s e a s o n a l  s t a n d a r d  d i a m e t e r  SD = V z D ^ / n  , w h e r e  D is  tw ice  the  
d i s ta n c e  f r o m  th e  c e n t e r  of a c t iv i ty  to  e a c h  of N r e lo c a t io n s  ( H a r r i s o n  
1958). T h e  s t a n d a r d  d i a m e t e r  i s  the  d i a m e te r  of a  c i r c l e  w h o se  c e n t e r  
i s  th e  c e n t e r  of a c t iv i ty  and  w h ich  c o n ta in s  68 .26%  of a l l  r e lo c a t io n s  
of th e  a n im a l s .
P a r a s i t e s
T h r e e  h u n te r s  c o n t r ib u te d  f e c a l  s a m p l e s  f r o m  t h e i r  t r o p h ie s  
h a r v e s t e d  d u r in g  th e  1974-1976  h u n tin g  s e a s o n s .  B e tw e e n  2 F e b r u a r y  
and  11 M a r c h  1976, th e  t im e  p e r io d  w hen  U hazy  e t  a l .  (1973) found the  
g r e a t e s t  n u m b e r  of lu n g w o rm  ova in s h e e p  f e c e s ,  20 f e c a l  s a m p le s  
w e r e  c o l le c te d  f r o m  a n im a ls  of unknown ag e  and  s e x .  A d d it io n a l
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s a m p l e s  w e r e  c o l le c te d  f r o m  tw o  c l a s s  II r a m s  on 8 Ju n e  1976. A ll 
s a m p l e s  w e r e  s e n t  to  the  V e t e r i n a r y  R e s e a r c h  L a b o r a to r y ,  M ontana  
S ta te  U n iv e r s i ty ,  B o z e m a n ,  an d  a n a ly z e d  f o r  the  p r e s e n c e  of lu n g w o rm  
l a r v a e ,  P r o t o s t r o n g y l u s  r u s h i  and  P .  s t i l e s i , u s in g  the  B a e r m a n n  
te c h n iq u e .
F o o d  H a b i ts
F r o m  D e c e m b e r  1975 th r o u g h  M a r c h  1976, fe e d in g  s i t e s  
(C ole  1956) w e r e  e x a m in e d  on th e  s h e e p 's  w in te r  r a n g e .  F e e d in g  s i t e s  
c o n ta in e d  b e tw e e n  50 an d  500 in s t a n c e s  of u se  as  m e a s u r e d  in  b i t e s .  
B e c a u s e  m u le  d e e r ,  e lk ,  an d  s h e e p  u s e d  th e  s a m e  t e r r a i n ,  d a ta  w e r e  
c o l l e c te d  w hen  enough  snow  w a s  on the  g ro u n d  f o r  m e  to  d e te r m in e  
th a t  o n ly  s h e e p  h ad  r e c e n t l y  fe d  on a g iv en  p la n t .
A n a ly s is  of a l l  food  h a b i t s  d a ta  fo l lo w ed  the  m e a n  p e rc e n ta g e  
m e th o d  of M a r t in  e t a l .  (1946).
H a b ita t  S e le c t io n
H a b ita t  u s e  w a s  d e t e r m in e d  by  s h e e p  o b s e r v a t io n s  f r o m  
c e n s u s  r o u te s  and  f r o m  r a d i o  t e l e m e t r y  lo c a t io n s .  B e c a u s e  bo th  d e e r  
an d  s h e e p  u s e d  th e  s a m e  h a b i t a t s ,  n e i t h e r  t r a c k  f r e q u e n c i e s  ( Irw ine  
1975) n o r  p e l l e t  g ro u p s  ( K e a r n e y  and  G i lb e r t  1976) cou ld  be  u se d  in 
d e te r m in in g  h a b i ta t  u s e .
T h e  to ta l  a r e a  a v a i l a b le  w a s  d e t e r m in e d  by  c o n n ec tin g  
p e r i p h e r a l  lo c a t io n s  of a l l  s h e e p  o b s e r v a t io n s  (D alke 1942, C ra ig h e a d
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and  C r a ig h e a d  1956, and  M a r c u m  1975); th e n  the  e n t i r e  s lo p e  th e y  fe l l  
on w a s  in c lu d e d .  In th is  m a n n e r ,  b o u n d a r ie s  fo r  a r e a s  of a v a i l a b i l i ty  
w e r e  d raw n  a lo n g  r id g e  l i n e s .  T he  u p p e r  e le v a t io n  of the  w in te r  r a n g e  
w a s  d e te r m in e d  f r o m  th e  lo c a t io n  of th e  h ig h e s t  s ig h tin g .
W ith in  th e  a r e a  of m a x im u m  w in te r  r a n g e ,  a r e a s  of h igh  and  
c o n c e n t r a t e d  u se  w e r e  d e t e r m in e d  (F ig . 13). T h e s e  s a m e  two a r e a s  
w e r e  a l s o  u s e d  in  co n ju n c t io n  w ith  th e  m a x im u m  s p r in g  r a n g e  f o r  d a ta  
a n a ly s i s  (F ig . 14).
A r e a s  of h a b i ta t  c o m p o n en ts  w e r e  m e a s u r e d  f r o m  to p o ­
g r a p h ic a l  m a p s  b y  u se  of a dot g r id .  S e le c t io n  f o r  o r  a g a in s t  a  
s p e c i f ic  c o m p o n en t w a s  d e t e r m in e d  b y  th e  Z - s t a t i s t i c  (Neu et a l .
1974).
F ig. 13. Map of winter study area showing areas of availability  
used in habitat se lection  analysis for winter, 
Decem ber 1975 through March 1976.
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F ig. 14. Map of winter study area showing areas of availability  
used in habitat selection  analysis for spring, April 
through May 1976.
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C H A P T E R  IV 
R E SU L T S
C a p tu r in g  Sheep
T r a p p in g  a t  a  m i n e r a l  l i c k  n e a r  S h eep h ead  C r e e k ,  M on tana , 
w a s  u n s u c c e s s f u l  d u r in g  13 t r a p  d a y s .  A lthough  th is  w a s  the  m o s t  
p r o m i s in g  lo c a t io n  f o r  a  t r a p ,  1 w as  not c e r t a i n  th a t  s h e e p  v i s i t e d  the  
l ic k .  T h e  m i n e r a l  l i c k  is  h e a v i ly  u s e d  by  d e e r  and  e lk , so  th a t  lo c a t io n  
p ro b a b ly  w i l l  not be  u s e f u l  f o r  s h e e p  t r a p p in g  s in c e  d e e r  w ould  m o n o p ­
o l iz e  th e  t r a p  a s  r e p o r t e d  b y  M o rg a n  (1970).
No f a t a l i t i e s  o c c u r r e d  am o n g  th r e e  a n im a l s  im m o b i l iz e d  w ith  
th e  S e rn y la n ,  S p a r in e  m ix tu r e  (T ab le  9). T he  a n im a l s  h ad  p r o b le m s  
w ith  m u s c u l a r  c o o r d in a t io n  a f t e r  th e y  had  a p p a r e n t ly  o v e r c o m e  the  
e f fe c ts  of the  S e rn y la n .  S p a r in e ,  a  r e l a t i v e l y  lo n g - a c t in g  t r a n q u i l i z e r ,  
m a y  h a v e  c a u s e d  th is  p r o b le m .
M o v em e n ts  of th e  R ad io ed  Sheep
E w e 152 w a s  r a d i o t r a c k e d  b e tw ee n  14 Ju n e  1975 and 
1 D e c e m b e r  1976. F ig s .  15 and  16 show  h e r  m o v e m e n ts  d u r in g  
s u m m e r  1975 and  1976 p lu s  m ig r a t i o n  to and  f r o m  w i n t e r - s p r i n g  
r a n g e .
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T able  9. R e su l ts  of a d m in is te r in g  S erny lan  and S parine  to b ig h o rn  sheep  w ith  c a p tu re  gun.
Sheep
No. Sex Age
E s t .  w t. 
( lb s) D ate A r e a
m g
S e rn y la n
m g
S p a r in e
C o l l a r
f lag g in g
E a r  t a g s
L  R
? m a tu r e 150 8 /2 6 / 7 4 W a tc h to w e r  C r . 90 30 Did no t t r a n q u i l i z e
152 ? m a t u r e 150 6 /1 4 /7 5 N ez  P e r c e  R o ad 90 30 GGG / w 1902 1903
363 cT 2 100 6 /2 8 /7 5 S h eep h ead  C r . 100 25 R G W /y 1904 1905
G = g r e e n  f la g  
R = r e d  f lag  
W = w h ite  f lag  
w = w h ite  ro p e  
y  = ye llow  ro p e
F ig. 15. Map showing locations of ewe 152 between  
sum m er 1975 and spring 1976.
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F ig. 16. Map showing location of ewe 152 between 
spring and fa ll 1976.
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R a m  363 w as  fo l lo w ed  f r o m  26 Ju n e  1975 to  23 A p r i l  1976, 
w hen  he  w as  l a s t  s e e n  a l iv e .  W hen h is  lo c a t io n  did no t chan g e  f o r  
s o m e  t im e ,  I f e l t  he  w a s  d ead  o r  had  lo s t  h is  c o l l a r .  T he  s k e le ta l  
r e m a i n s  w e r e  l a t e r  r e c o v e r e d .  T he  r a m  w a s  a lw ay s  a s s o c i a t e d  w ith  
e w e - la m b - y o u n g  r a m  g ro u p s .  E c o lo g ic a l ly ,  he sh o u ld  be  c o n s id e r e d  
a  ewe w h en  d i s c u s s in g  h is  m o v e m e n t  p a t t e r n s .  H is  m o v e m e n ts  a r e  
show n in F ig .  17.
A ll  lo c a t io n s  f o r  b o th  s h e e p  a r e  l i s t e d  in  A ppend ix  A. W hen 
th e  s u m m e r  lo c a t io n s  f o r  1975 and  1976 a r e  co m b in e d ,  the  s t a n d a r d  
d i a m e t e r s  f o r  th e  ew e and  r a m  w e r e  6.0 m i le s  (9.6 km ) and  5.8 m i le s  
(9.3 km ), r e s p e c t iv e ly .  T h e  w in te r  s t a n d a r d  d i a m e te r  fo r  e ac h  w a s  
2.1 m i le s  (3.4 km ) and  1.1 m i l e s  (1.8 km ). T h e s e  a n im a ls  w e r e  not 
s e e n  to g e th e r  d u r in g  the  s u m m e r  of 1975. T h e y  w e r e  s e e n  to g e th e r  
o n ce  on th e  w i n t e r - s p r i n g  r a n g e  (7 N o v e m b e r  1975 to  23 A p r i l  1976), 
and  C o le 's  (1949) c o e f f ic ie n t  w a s  - 0 .4 5 .
C r i t i c a l  A r e a s
S e a so n a l  r a n g e . T h e  w in te r ,  s p r in g ,  e a r l y  s u m m e r ,  and  
s u m m e r - f a l l  r a n g e s  f o r  th e  b ig h o rn  s h e e p  a r e  show n in F ig .  18.
T h e s e  a r e a s  a r e  d e l in e a te d  f r o m  m y  o b s e r v a t io n s  of m a r k e d  and  
u n m a rk e d  s h e e p  and of s h e e p  s ig n  p lu s  in fo r m a t io n  o b ta in e d  f r o m  
lo c a l  r e s i d e n t s .
T h e  b o u n d a r ie s  of w in t e r  and  s p r in g  r a n g e s  w e r e  d raw n  f r o m
F ig. 17. Map showing locations of ram 363, sum m er 1975 
to spring 1976.
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m y  o b s e r v a t io n  of th e  e w e - l a m b - y o u n g  r a m  g ro u p s  d u r in g  the  w in te r  
of 1 9 7 5 -7 6 . M o st  c l a s s  III an d  IV r a m s  le f t  Sheep C r e e k  b e tw een  
2 an d  10 J a n u a r y  1976, an d  a l l  w e r e  gone b y  20 J a n u a r y .  T h e y  did no t 
r e t u r n  u n t i l  8 A p r i l  1976, w hen  I saw  f o u r  c l a s s  III r a m s  w hich  
r e m a in e d  th ro u g h o u t  th a t  m o n th .  P e e k  and H ickey  (p e r s o n a l  c o m m u ­
n ic a t io n s )  an d  P e h r s o n  (1971) saw  r a m s  in  Ind ian  C r e e k  d u r in g  
p r e v io u s  w i n t e r s .  I w a s  u n ab le  to  f in d  r a m s  w hen  I s p e c i f i c a l ly  
ce n s  u s e d  th e  f i r s t  4 m i l e s  (6 k m ) of th a t  d r a in a g e  s ix  t im e s  d u r in g  the  
w in t e r  and  w h en  I flew  on 5 M a r c h  1976. Ind ian  C r e e k  is  d if f icu l t  to  
c e n s u s  f r o m  th e  g ro u n d  an d  b ig  g a m e  s e e m e d  to  d i s p e r s e  m o r e  in th e  
w in t e r  of 1975-76  th a n  d u r in g  th e  p r e v io u s  2 y e a r s  (P ee k ,  p e r s o n a l  
c o m m u n ic a t io n ) .
Sheep  h a v e  b e e n  s e e n  a long  Snake  C r e e k ,  Idaho, in M a rc h  
( P e h r s o n  1971). K e a y  ( p e r s o n a l  c o m m u n ic a t io n )  c en s  u s e d  th a t  r id g e  
th ro u g h o u t  th e  w in t e r  f o r  d e e r  and  e lk  an d  o b s e r v e d  no s h e e p .  I jo in e d  
h im  f o r  tw o  t r i p s  d u r in g  A p r i l  1976 an d  f lew  o v e r  th a t  d r a in a g e  t h r e e  
t i m e s  d u r in g  th e  w i n t e r  an d  o b s e r v e d  no s h e e p .  T h e  Snake C r e e k  
d r a in a g e  is  m u c h  l ik e  Sheep  C r e e k  in t e r m s  of v e g e ta t io n  and lan d  
ty p e s ,  s o  s h e e p  c o u ld  u s e  th a t  r e g io n .
Sheep  w e r e  r e p o r t e d  w in te r in g  in M o n tan a  b e f o r e  th e  s tudy ; 
s o  th i s  p o s s i b i l i t y  w as  in v e s t ig a te d .  D u r in g  2 -4  J a n u a r y  1975, I s k ie d  
in to  P a l e ' s  F l a t ,  M o n tan a ,  and  saw  t r a c k s  of w h a t  p ro b a b ly  w e r e  sh e e p  
n e a r  P e y to n  R o ck ,  a lo n g  th e  r o a d ,  and  in  th e  S h eep h ead  C r e e k
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d r a in a g e .  W hen I r e t u r n e d  on 22 F e b r u a r y  1975, no e v id en c e  of sh e e p  
w a s  found d u r in g  4 days  d e s p i t e  b e t t e r  c e n s u s in g  te c h n iq u e s .  On 
5 M a rc h  1976, I a e r i a l l y  c e n s u s e d  the  M ontana  p o r t io n  of the  s tu d y  
a r e a  u n d e r  good co n d i t io n s  f o r  s e e in g  s h e e p .  T he  p la c e s  w h e re  s h e e p  
m ig h t  w in te r  a r e  M ount J e r u s a l e m ,  F l a t  C re e k ,  P e y to n  R ock , S h e e p -  
h e a d  C r e e k ,  th e  open  a r e a s  above  th e  N ez P e r c e  R o ad  w e s t  of S h e e p -  
h e a d  C re e k ,  C a s t le  R ock , and  F a l e ' s  and  P e y to n  c r e e k s .  T he  on ly  
lo c a t io n  w h e re  t r a c k s  w e r e  s e e n  w as  S heep h ead  C r e e k ,  w h ich  l a t e r  
p ro v e d  to  be th e  t r a c k s  of f o u r  sh ee p  (F i r e b a u g h  and  O r m is to n ,  
p e r s o n a l  c o m m u n ic a t io n ) .  T h e  o th e r  a r e a s  h ad  v e r y  deep  snow c o v e r .
In f o rm a t io n  on s u m m e r  r a n g e  w as  o b ta in ed  on ly  in  M ontana , 
f r o m  N ez P e r c e  P a s s  to  N e ls o n  C r e e k .  H u n te rs  r e p o r t e d  s h e e p  n e a r  
C uneo  P o in t ,  Idaho (B ow les , p e r s o n a l  c o m m u n ic a t io n ) .  M uch of th e  
h ig h e r  e le v a t io n s  of W hite  C ap , C anyon, and  C o o p e r  c r e e k s ,  Idaho, 
a r e  p ro b a b ly  u se d  by  b ig h o rn  sh e e p  d u r in g  the  s u m m e r .
M ig ra t io n  r o u t e . In fo rm a t io n  c o n c e rn in g  th e  s h e e p 's  
m ig r a t io n  ro u te  f r o m  and  to  th e  Se lw ay  R iv e r  is  s u m m a r i z e d  in F ig .  19. 
T h e  s h e e p  le a v e  the  u p p e r  p o r t io n  of Sheep C r e e k ,  Idaho , in la te  M ay 
and  fo llow  th e  s o u th - f a c in g  s lo p e  of S chofie ld  C r e e k  to  th e  B i t t e r r o o t  
D iv ide . T he  s h e e p  c r o s s  th e  D iv ide  a t  W a tc h to w e r  P a s s  and  fo llow  the  
D iv ide  to  th e  h e a d  of th e  N o r th  F o r k  of S heep h ead  C r e e k ,  w h ich  th e y  
fo llow  down to  th e  N ez  P e r c e  F o r k  of the  B i t t e r r o o t  R iv e r .  T h e y  c r o s s
F ig. 19. Evidence for the bighorn sheep migration route.
1. Tracks, probably of sheep, during spring 
m igration (May 1976).
2. Two locations of sheep with radiocollars during 
fa ll m igration 1975 and 1976.
3. Location of unmarked sheep during spring  
migration (May 1976).
4. Trail of sheep during spring m igration (May 
1976).
5. Tracking evidence of sheep in early June 1975.
6. Game tra il of sheep in early June 1975.
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th e  B i t t e r r o o t  R iv e r  and  jo u r n e y  to  C a s t l e  R o ck  and  to  th e  h e a d  of 
F a l e ' s  C r e e k .  No e v id e n c e  w a s  found f o r  a m ig r a t io n  ro u te  to  th e  
S a lm o n  R iv e r .
On 1 Ju n e  1975, I f lew  th e  s u m m e r  r a n g e  look ing  f o r  sh e e p  
an d  sh e e p  s ig n  w ith o u t  s u c c e s s .  I d id not s e e  s h e e p  on the  s u m m e r  
r a n g e  u n t i l  5 Ju n e  1975. E w e 152 w a s  lo c a te d  n e a r  C a s t le  R ock  on 
29 M ay 1976. S e v e r a l  g ro u p s  of s h e e p  a long  w ith  g a m e  t r a i l s  w e r e  
s e e n  f r o m  th e  a i r  on 22 M ay  1976. E w e 152 w a s  lo c a te d  on the  w in te r  
r a n g e  7 N o v e m b e r  1975, bu t  s h e  w as  r e p o r t e d  b y  h u n te r s  b e fo re  
1 N o v e m b e r  1975 (G iffo rd , p e r s o n a l  c o m m u n ic a t io n ) .  On 22 N o v e m b e r  
1976, s h e  w a s  s t i l l  on th e  s u m m e r  ra n g e  and  sh e  w as  s t i l l  a t  a f a i r l y  
h igh  e le v a t io n  on 1 D e c e m b e r ,  6 days a f t e r  the  f i r s t  l ig h t  sn o w fa l l .
M in e r a l  l i c k s . F iv e  m i n e r a l  l ic k s  w e r e  found on th e  s tu d y  
a r e a  (F ig .  20). Sheep w e r e  o b s e r v e d  u s in g  th e  ones  lo c a te d  on the  
w i n t e r - s p r i n g  ra n g e ;  t h e s e  w e r e  c a v e - l ik e  a r e a s  in c l i f f s  (F ig . 21).
L a m b in g  g r o u n d s . I n f e re n c e s  c o n c e rn in g  la m b in g  g ro u n d s  
w e r e  m a d e  f r o m  lo c a t io n s  of ew es  b e tw ee n  20 M ay and 10 Ju n e  (F ig s .
22 and  23). T he  lo c a t io n s  a r e  m a in ly  on v e r y  s te e p  c l i f f s .  Im p o r ta n t  
a r e a s  a r e  the  c l i f f s  of S te w a r t  C r e e k  and  th e  e a r l y  s u m m e r  r a n g e  in 
M on tana .
R u tt in g  g r o u n d s . F i g s .  24 and  25 show  o b s e r v a t io n s  of
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F ig. 21. Photo showing a typical m ineral lick  used by 
bighorns In the Sheep Creek drainage of Idaho.

Fig. 22. Location of ewes during the  period 20 May to 
10 June 1976, Montana.
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c l a s s  III and  IV r a m s  and  th e  lo c a t io n s  of 11 r a m s  k i l le d  b y  h u n te r s .  
T h e r e  a p p e a r s  to  be  tw o r u t t in g  a r e a s .  In 1975, r a m s  w e r e  lo c a te d  
on bo th  the  Se lw ay  w in te r  r a n g e  and in M on tana  d u r in g  th e  p e r io d  of 
th e  ru t ,  a p p r o x im a te ly  20 N o v e m b e r  to  15 D e c e m b e r  (G e is t  1971).
P o p u la t io n  V ig o r ^
H e a l th . Due to  s m a l l  s a m p le  s i z e ,  a l l  th e  d a ta  f r o m  B a e r m a n  
a n a ly s e s  of f e c a l  s a m p l e s  f o r  p r o to s t r o n g y l id  l a r v a e  w e r e  c o m b in ed , 
d e s p i t e  known v a r i a t i o n s  in  s e a s o n a l  ou tpu t of ova (U hazy e t  a l .  1973) 
(T ab le  10). E ig h ty  p e r c e n t  of th e  s a m p l e s  sh o w ed  l ig h t  l a r v a e  ou tpu t 
w h ile  on ly  4% (one s a m p le )  h a d  a h e a v y  ou tpu t.  A v e ra g e  output of ova 
w a s  3.6 l a r v a e  p e r  g r a m ,  but if th e  one s a m p le  of h e av y  in fe c t io n  is  
o m it te d ,  th e  a v e r a g e  ou tpu t is  on ly  0.66 l a r v a e  p e r  g r a m .
I o b ta in e d  t h r e e  lo w e r  ja w s  f r o m  sh ee p :  a h u n te r - k i l l e d  r a m ,  
one ewe found dead , and  r a m  363. In a l l  c a s e s ,  t h e r e  w e r e  a b n o r ­
m a l i t i e s  in th e  te e th .  R a m  363 had  n e c r o t i c  s to m a t i t i s  u n d e r  P M 4.
T h e  o th e r  tw o s h e e p  h a d  a b n o r m a l  w e a r  of th e  m o l a r i f o r m  te e th ;  th e  
ewe h ad  an  e s p e c ia l l y  s e v e r e  c a s e .
I lo c a te d  two s h e e p  c a r c a s s e s .  A ewe fed  upon b y  co y o te s  had  
s e v e r e  to o th  w e a r  and  w as  in good c o n d it io n  a s  ju d g ed  by  th e  c o lo r  and  
c o n s i s t e n c y  of f e m u r  m a r r o w  (C h ea tu m  1949). She w a s  lo c a te d  b e n e a th
1 " P o p u la t io n  v ig o r "  i s  sy n o n o m o u s  w ith  th e  t e r m  "p o p u la t io n  
q u a l i ty "  of G e is t  (1971).
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T a b le  10. F r e q u e n c y  d i s t r ib u t io n  of p r o to s t r o n g y l id  l a r v a l  ou tpu t.
L a r v a l  ou tpu t p e r  g r a m  d ry  fe c e s
0 0 .0 0 0 1 - 1 .0 0 1 .0 0 1 - 1 0 .0 1 0 .0 0 1 - 1 0 0 .0
N u m b e r 6 14 4 1
P e r c e n t 24 56 16 4
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a c lif f ,  s o  e i t h e r  a c c id e n t  o r  p r e d a t io n  m a y  have  c a u s e d  h e r  d ea th .
R a m  363 w a s  found d ead  n e a r  th e  s t r e a m  b o tto m  of the  South F o r k  of 
Sheep  C r e e k .  He w as  in p o o r  p h y s ic a l  co n d it io n  and  s u f f e r e d  f r o m  
n e c r o t i c  s to m a t i t i s ,  bu t he  m a y  have  b e e n  k i l le d  by  a m o u n ta in  l io n .
H o rn  g ro w th . D a ta  on h o rn  g ro w th  f o r  e igh t h u n te r - k i l l e d  
r a m s ,  one s k u l l  p ic k e d  up by  a lo c a l  r e s id e n t ,  and r a m  363 a r e  
p r e s e n t e d  in  T a b le  11. F ig .  26 sh o w s a c o m p a r i s o n  of th e s e  sh e e p  
and  s h e e p  f r o m  a v ig o ro u s  C a n a d ia n  p o p u la t io n ,  K oo tenay  N a tio n a l  
P a r k ,  and  a C a n a d ia n  p o p u la t io n  of lo w e r  v ig o r ,  Banff N a t io n a l  P a r k  
(S hack le ton  1973). T he  B i t t e r r o o t  s h e e p  h a v e  a h o rn  g ro w th  p a t t e r n  
c lo se  to  th e  B anff  p o p u la t io n .  A c o m p a r i s o n  of a n n u a l  h o r n - s e g m e n t  
g ro w th  am o n g  five  M on tana  s h e e p  p o p u la t io n s  in d ic a te s  the  B i t t e r r o o t  
s h e e p  a r e  of lo w e r  v ig o r  (F ig .  27).
G roup  S ize
A v e ra g e  g ro u p  s i z e  w a s  c a lc u la te d  by  m o n th  d u r in g  the  w in te r  
p e r io d  of th is  s tu d y  (T ab le  12). E x c e p t  f o r  F e b r u a r y ,  t h e r e  is  a s t e a d y  
d e c l in e  in g ro u p  s i z e  f r o m  the  r u t  in  D e c e m b e r  (9.6 s h e e p /g r o u p )  to  
la m b in g  in M ay (4.1 s h e e p /g r o u p ) .  B eg inn ing  in Ju n e ,  the  g roup  s i z e  
a g a in  i n c r e a s e d .  D u rin g  J u ly  th ro u g h  S e p te m b e r ,  g ro u p s  w e r e  of 
m o d e r a te  s i z e .  F a l l  d a ta ,  O c to b e r  and  N o v e m b e r ,  a r e  l im i te d ,  but 
in d ic a te  th a t  g ro u p s  a r e  i n t e r m e d ia t e  in  s i z e  p r i o r  to  th e  r u t .
Table  11. Annual ho rn  growth fo r  bighorn  r a m s  (In inches).
Age of 
ra m s  
(y ea rs)
Total
length
B a sa l
c i r c u m ­
f e r e n c e
Y ear  of growth
1st 2nd 3rd 4th 5th 6 th 7th 8th 9th lOth
L R L R L R L R L R L R L R L R L R L, R L R L R
2^ 13% 14% 8% 8% 5'A 5'A 7 7 I'A 1%
6b 31 29^^c 14 Va 14'A 4 1C 6% 7'A 6 6 5% 5% 5 5% 3% 3 'A
7.5 30% 2 9% 13% 13% 3% 3 8% 9 5 5% 5 5'A 2 2% 1 I'A 1% % 2 1%
7.5 32% 2 6 % c 14'% 14% 9 4% b 6 6 5'A 5'A 4 'A 4% 3% 3 2 2 I'A IV4
8.5 26% 26% 12 1 2 'A 5 5 'A 2% 2% 5% 5% 2% 2% 5% 5'A 6% 6 'A 4 'A 4% 1 IV4 2 'A 2%
8.5 36% 35 1 4 'A 14% i c 1^ 6 'A 6% 8 8 6 6 4 4 4 'A 3% 2% 2% 2 'A 1% IV4 IV4
8.5 33% 33% 14 14 % Vi 9% 9% 6 5% 5 5 4% 4% 3% 3% % % 2% 1% 1 1%
9.5 33% 31% c 14'A 14% 2'AC 7% 5% b 6% 7 3% 3% 3 'A 4 'A 2% 2 'A 2 2 % % % % Vs %
9.5 39% 37% c 13% 13% l % c 6% 6% 2 2% 3% 3% 5'A 5% 4% 4% 4 3% 3% 3'A 2% 2 'A 2 'A 2
9.5 31% 30% 13% 13% d d 6 6 Vs 4% 4% 3 3% 2 2 2 'A 2% I'A I'A % V4 V4 V4
A v e ra g e  ( inches)  
A v e ra g e  (mm)
4 . 5
114
7. 1 
180
5. 75 
146
4 . 5
114
4. 15 
105
3. 35 
85
^ ^ 5
57
1. 7 
43
1. 55 
39
1.
29
15
^Ram 363 at tim e  of capture .
^Found dead M ay 1975
^ Indicates broken or broom ed  horn t ip s .
^Data m iss in g .
F ig .  26. A v e ra g e  a n n u a l  h o r n  g ro w th  f o r  th e  s h e e p  in  th e  
B i t t e r r o o t  M o u n ta in s  c o m p a r e d  to  p o p u la t io n s  of 
h ig h  an d  low v i g o r .
O O B i t t e r r o o t  s h e e p .
□ -------□  B anff  N a t io n a l  P a r k  s h e e p ,  low v ig o r
(S h ack le to n  1973).
-A K o o te n a y  N a t io n a l  P a r k  s h e e p ,  h ig h  
v ig o r  (S h ack le to n  1973).
AVE R A G E  HORN S E G M E N T  L E N G T H  (MM)
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F ig .  27. A v e ra g e  a n n u a l  h o r n  g ro w th  f o r  f iv e  M on tana  sh e e p  
p o p u la t io n s .
B i t t e r r o o t s ,
-O W e s t  R o se b u d  (S tew a r t  1975).
-A  S t i l lw a te r  (S tew a r t  1975).
T h o m p so n  F a l l s  o r ig in a l  p o p u la t io n  
(B row n  1974).
T h o m p so n  F a l l s  in t r o d u c e d  p o p u la t io n  
(B row n 1974).
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T a b le  12. G roup  s i z e  b y  m o n th .
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M onth
N u m b e r  
of g ro u p s
A v e ra g e  
g ro u p  s iz e V a r ia n c e R an g e
Ju n e  1974 and  1975 22 5. 6 31. 7 1-24
J u ly - S e p te m b e r  
1974 and  1975 36 7. 1 3 3 .2 1-24
O c to b e r  and  N o v e m b e r  
1974 and  1975 9 5. 1 2 0 .4 1-12
D e c e m b e r  1975 41 9. 6 44. 7 1-26
J a n u a r y  1976 58 6. 6 21. 6 1-21
F e b r u a r y  1976 30 9. 3 54. 1 2 -3 5
M a r c h  1976 37 5. 7 1 7 .4 1-18
A p r i l  1975 9 5. 9 3 5 .1 1-21
A p r i l  1976 65 5. 9 2 2 .0 1-21
M ay 1975 25 4 .6 10 .2 1 -14
M ay 1976 49 4. 1 15 .2 1-20
e a r l y  Ju n e  1976 16 4. 6 1 1 .8 1 -14
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Study of th e  W in te r  and  S p r in g  R a n g e s  in Idaho
P o p u la t io n  e s t i m a t e s . F r o m  th e  in fo r m a t io n  o b ta in e d  by 
w a lk in g  th e  c e n s u s  r o u t e s ,  p o p u la t io n  e s t i m a te s  w e r e  m a d e  of the  
w in te r  s tu d y  a r e a  (F ig .  2 8). D u rin g  th e  r u t ,  in  e a r l y  D e c e m b e r ,  
th e  h ig h e s t  coun t w as  m a d e  of 90 in d iv id u a ls  (50 ew es ,  2 5 la m b s ,
9 II r a m s ,  6 III r a m s ) .  L ong  d is ta n c e  o b s e r v a t io n s  r e s u l t e d  in 
u n d e r e s t im a t in g  h o rn  s i z e ,  so  th e  e w e - la m b  r a t i o  is  a c tu a l ly  h ig h e r  
and  th e  r a m s  sh o u ld  be  s p r e a d  o v e r  c l a s s e s  I th ro u g h  IV. F o llo w in g  
th e  r u t ,  t h e r e  is  a g r a d u a l  e m ig r a t io n  of r a m s  and  p r e s u m a b ly  s o m e  
e w es .  R a m s  and  ew es  r e t u r n  to  Sheep  and S te w a r t  c r e e k s  in A p ri l ;
70 in d iv id u a ls  w e r e  c o u n ted  in  1 day. T h e  p o p u la t io n  b e g in s  m ig r a t in g  
to  s u m m e r  r a n g e  in M ay . No s h e e p  w e r e  found on th e  w in te r  ra n g e  
d u r in g  s u m m e r .
S u p e r im p o s e d  on th e s e  t r e n d s  is  th e  ch ang ing  v i s ib i l i t y  of 
s h e e p .  T h e y  a r e  r e l a t i v e l y  h a r d  to  s e e  in the  w in te r  due to  t h e i r  
l ig h t  c o lo r  and  u s e  of c l i f f  v e g e ta t io n  ty p e s .  In s p r in g ,  th e y  a r e  
e a s i l y  s e e n  even  a t  long  d i s t a n c e s  s in c e  th ey  a r e  a lm o s t  w h ite  a g a in s t  
a  b ro w n  b a c k g ro u n d .
E w e - la m b  r a t i o s . E w e - la m b  r a t io s  w e r e  c a lc u la te d  f r o m
th e  d a ta  u se d  to  e s t i m a te  p o p u la t io n  s iz e ;  th u s  on ly  in d iv id u a l  sh ee p  
and g ro u p s  th a t  w e r e  c o m p le te ly  c l a s s i f i e d  w e r e  u s e d  in o b ta in in g  th e  
r a t i o s .
F ig. 28. Bighorn sheep population estim ates for Sheep and 
Stewart creeks throughout the winter and spring, 
1975-76.
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P r i o r  to  w in te r  o b s e r v a t io n s ,  th e  e w e - la m b  r a t i o  w as  
65 la m b s  p e r  100 ew es .  D u r in g  th e  ru t ,  the  r a t i o  w a s  52 la m b s  p e r  
100 ew es  and  s t e a d i ly  d e c r e a s e d  th ro u g h o u t  th e  w in te r  (F ig .  2 9). A 
r e g r e s s i o n  a n a ly s i s  ( D r a p e r  and  S m ith  1966) in d ic a te d  a s ig n if ic a n t  
(p < 0 .0 2 5 )  d e c r e a s e  in  th e  n u m b e r  of l a m b s .  A p p ro x im a te ly  50% of 
th e  la m b  c ro p  d ied  b e tw ee n  1 D e c e m b e r  and  30 M ay.
F ood  h a b i t s . In f o rm a t io n  on w in te r  food h a b i t s  i s  p r e s e n te d  
in  F ig .  30 and  T a b le  13. A g ra d u a l  d e c l in e  in th e  u se  of g r a s s e s  
o c c u r r e d  th ro u g h o u t  th e  w i n t e r .  B lu eb u n ch  w h e a tg r a s s  and  g re e n b u s h  
w e r e  th e  m o s t  im p o r ta n t  food i t e m s  d u r in g  a l l  m o n th s .
H a b ita t  s e l e c t i o n . T h e  c o m p o n e n ts  of c o v e r  ty p e ,  h a b i ta t  
ty p e ,  and  la n d ty p e  m a p s  w e r e  u s e d  to  in v e s t ig a te  h a b i ta t  s e le c t io n .  
H a b ita t  s e l e c t io n  b y  s h e e p  m a r k e d  w ith  r a d i o c o l l a r s  and b y  u n m a rk e d  
s h e e p  w e r e  c o m p a r e d  an d  no s ig n i f ic a n t  d i f f e r e n c e  w as  found. A ll 
s h e e p  lo c a t io n s  w e r e  th e n  c o m b in e d  and u s e d  f o r  a n a ly s i s .  S e lec t io n  
d u r in g  th e  w in te r  f o r  c o v e r  ty p e s ,  h a b i ta t  ty p e s ,  and  la n d ty p e s  i s  
p r e s e n t e d  in T a b le s  14, 16, and  18, r e s p e c t iv e ly  ( to ta l  of 171 g ro u p s ,  
1,261 o b s e r v a t io n s ) .  T a b le s  15, 17, and  19 c o n ta in  s p r in g  s e le c t io n  
d a ta  fo r  c o v e r  ty p e s ,  h a b i ta t  ty p e s ,  and  la n d ty p e s ,  r e s p e c t i v e l y  ( to ta l  
of 129 g ro u p s ,  647 o b s e r v a t io n s ) .
W ith in  a s e a s o n ,  t h e r e  a r e  s h i f t s  in p r e f e r e n c e  f r o m  one a r e a  
of a v a i l a b i l i ty  to  a n o th e r .  T h is  p r e f e r e n c e  change  i s  due to the
F ig. 29. Lambs per 100 ewes throughout the winter and 
spring, 1975-1976.
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T a b le  13. B ig h o rn  s h e e p  w in te r  food  h a b i ts  f r o m  th e  e x a m in a t io n  
of 37 fee d in g  s i t e s .
S p e c ie s  n a m e
D e c e m b e r  J a n u a r y  F e b r u a r y M a rc h
10
N u m b e r  of s i t e s  
13 7
(IU/%)
G r a s s e s
A g ro p y ro n  s p ic a tu m 8 7 1 /4 2 .3 1 ,5 7 5 /3 1 .9 8 4 1 /2 6 .7 939 /2 8 .1
B r o m u s  t e c t o r u m 11/ 0.2
D an to n ia  s p ic a ta 10 / 0.5
F e s t u c a  id a h o e n s is 3 6 3 /1 7 .6 8 4 /  1.7 71/ 2.2 90 /  2.7
F e s t u c a  s c a b r e l l a 157 / 3.2
K o e le r i a  c r i s t a t a 1 7 3 / 8.4 123 / 2.5 7 / 0.2
P o a  se c u n d a 9 / 0.4 12 / 0.2 74 / 2.3
T o ta l  lU  f o r  g r a s s e s  1 ,4 2 6 /6 9 .2 1 ,9 6 2 /3 9 .8 9 8 6 /3 1 .3 1 ,0 3 6 /3 1 .0
F o r b s
A c h i l le a  m i l le fo l iu m 5 / 0.1 3 /  0.0
A g o s e r i s  sp . 91 / 4.4 90 / 1.8
A n te n n a r ia  sp . 5 / 0.2 3 9 /  0.8 8 1 9 /2 6 .0 4 0 4 /1 2 .1
E r io g o n u m  h e r a c l e o id e s 61/ 3.0 143 / 2 .9 69 /  2.2 2 7 3 /  8.2
L o m a t iu m  sp . 97 /  2 .0 89 /  2.8 8 0 /  2 .4
P o te n t i l l a  sp . 11 / 0.5 4 1 /  0.8 15 / 0.4
T ra g a p o g o n  sp . 5 / 0.2
T o ta l  lU f o r  f o r b s 173/ 8.4 4 1 5 /  8.4 9 7 7 /3 1 .0 775 /23 .2
S h ru b s
A c e r  g la b r u m 9 0 /  1.8
A m e la n c h ie r  a ln i fo l ia 31 /  0.6 2 8 /  0.9 4 8 /  1.4
C e r c o c a r p u s  le d i fo l iu s 79 / 3.8 7 7 6 /1 5 .7 82 / 2.6 158 / 4 .7
C h r y s o th a m u s  n a u s e o s u s 3 4 6 / 7.0
G lo s so p e ta lo n  n e v a d e n s e 3 8 4 /1 8 .6 1 ,2 6 7 /2 5 .7 7 4 0 /2 3 .5 1 ,1 5 1 /3 4 .4
H o lo d iscu s  d i s c o l o r 36 /  1.1
P h i la d e lp h u s  le w is i i 87 /  2 .8 19 / 0.6
P h y s o c a r p u s  m a lv a c e u s 1/ 0.0
P r u n u s  v i r g in ia n a 3 4 /  0.7 151 / 4 .8 160 / 4.8
R ib e s  sp . 9 /  0.2 67 /  2.1
T o ta l  lU  f o r  s h r u b s  
T o ta l  lU
4 6 3 /2 2 .4  2 ,5 5 4 /5 1 .8  1 ,1 9 1 /3 7 .8  1 ,5 3 6 /4 5 .9  
2 ,062 4,931 3,154 3,347
T able  14. P e rc e n ta g e s  of v eg e ta t io n  co v e r  types  and th e i r  o b se rv e d  use  by b ig h o rn  sheep  fo r  th re e
a r e a s  of a v a i la b i l i ty  during  the w in te r  1975-1976.
A v a i la b i l i ty  a r e a s
V e g e ta t io n  
c o v e r  type
C o n c e n t r a te d  u se High u se M ax im u m  w in te r  r a n g e
E x p e c te d O b s e r v e d E x p e c te d O b s e r v e d E x p e c te d O b s e r v e d
R o c k  o u tc ro p 0. 673 0 .7 8 7  +1 0 .4 1 8 0 .6 5 1  +++ 0. 301 0. 643 +++
C liff 0. 109 0. 164 nsd^ 0. 096 0 .2 3 1  +-H- 0. 113 0 .2 4 0  +++
P .  p in e /D o u g la s  f i r  
so u th  s lo p e 0. 089 0 .0 1 6  — - 0 .0 7 1 0. 053 n s d 0 .0 5 1 0 .0 5 3  n s d
n o r th  s lo p e 0 .0 2 4 0 .2 3 5 0 .0 3 0  ---- 0. 398 0. 02 9 ----
B r u s h 0 .0 1 7 0. 008 n s d 0. 067 0 .0 0 6  ---- 0. 048 0. 006 ----
S avanna 0 .0 8 8 0 .0 2 4  ---- 0 .0 4 4 0 .0 1 8  - 0. 040 0 .0 1 8  n s d
B u n c h g r a s s 0 .0 6 8 0 .0 1 2  - - - 0. 049 0 .0 1 2  ----
N u m b e r  of o b s e r v a t io n s 122 169 171
T o ta l  a c r e s 878 2, 336 3 ,2 5 0
+ o r  - = s ig n i f ic a n t  d i f f e r e n c e  w ith  90% c o n f id e n ce .
-H- o r  - -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  95% c o n f id e n ce .
-H-+ o r ------ = s ig n i f ic a n t  d i f f e r e n c e  w ith  99% c o n f id e n ce .
'n s d  = no s ign if ican t d if fe ren ce .
T ab le  15. P e rc e n ta g e s  of vege ta tio n  co v e r  types  and th e i r  o b se rv e d  use  by  b ig h o rn  sheep  fo r  th r e e
a r e a s  of a v a i la b il i ty  during  s p r in g  1976.
A v a i la b i l i ty  a r e a s
V e g e ta t io n  
c o v e r  ty p e
C o n c e n t r a te d  u s e High u s e M ax im u m  s p r in g  ra n g e
E x p e c te d O b s e rv e d E x p e c te d O b s e r v e d E x p e c te d O b s e r v e d
R o ck  o u tc ro p 0. 673 0. 635 n s d l 0 .4 1 8 0. 513 n s d 0 .2 3 8 0. 543 +++2
C liff 0. 109 0 .2 9 7  +++ 0. 096 0 .3 5 6  +++ 0. 065 0 .3 1 8  +++
P . p in e /D o u g la s  f i r  
so u th  s lo p e 0. 089 0 .0 7 1 0 .0 0 9  ---- 0. 093 0 .0 1 6  ----
n o r th  s lo p e 0. 024 0 .2 3 5 0 .0 2 6  ---- 0 .4 7 0 0 .0 2 3  - - -
B r u s h 0. 017 0 .0 2 7  n s d 0. 067 0 .0 1 7  ---- 0. 026 0 .0 1 6  n sd
S avanna 0. 088 0. 040 n s d 0. 044 0. 026 n s d 0. 080 0 .0 3 9  n s d
B u n c h g r a s s 0 .0 6 8 0 .0 5 2  n s d 0 .0 2  7 0 .0 4 6  n s d
N u m b e r  of o b s e r v a t io n s 74 115 129
T o ta l  a c r e s 878 2, 336 5, 881
1n s d  = no s ig n i f ic a n t  d i f f e r e n c e .
'+  o r  - = s ig n i f ic a n t  d i f f e r e n c e  w ith  90% co n f id e n ce .
++ o r  - -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  95% c o n f id e n ce .
+++ o r  = s ig n i f ic a n t  d i f f e r e n c e  w ith  99% c o n f id en ce .
T ab le  16. P e rc e n ta g e s  of h ab ita t  types  and th e i r  o b se rv e d  use  by  b ig h o rn  sheep  fo r  th re e  a r e a s  of
av a ilab i l i ty  during  w in te r  1975-1976.
H ab ita t
type
A v a i la b i l i ty  a r e a s
C o n c e n t r a te d  u s e H igh u se M ax im u m  w in te r  r a n g e
E x p e c te d O b s e rv e d E x p e c te d O b s e r v e d E x p e c te d O b s e rv e d
R o ck 0. 105 0 .1 7 7  n s d l 0. 074 0 .2 0 7  +++2 0. 051 0 .2 0 5  +++
S c re e 0 .4 9 0 0 .7 1 8  +++ 0 .4 2 8 0 .6 8 6  +-H- 0. 311 0 .6 9 0  +++
P P / f e i d 0. 136 0. 081 n s d 0. 080 0. 059 n s d 0. 056 0. 058 n s d
D F /a g s p 0. 092 0 .0 2 4  ---- 0. 146 0. 047 ---- 0. 101 0. 047 ----
D F /  c a r u - a g s p 0 .0 6 4 0. 026 0. 023
DF / p h m a  -p h m a 0. 092 0. 084 0. 116
D F / p h m a - c a r u 0. 021 0. 076 0. 098
G F / c o o c 0. 032 0. 128
G F / d u n 0. 056 0. 082
D F / c a r u - c a r u 0. 007
D F / x e t e - v a g l 0. 027
N u m b e r  of o b s e r v a t io n s 124 169 171
T o ta l  a c r e s 848 2, 190 3, 149
1n s d  = no s ig n i f ic a n t  d i f f e r e n c e .
'+  o r  - = s ig n i f ic a n t  d i f f e r e n c e  w ith  90% co n f id e n ce .
++ o r  - -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  95% co n f id e n ce ,
o r  = s ig n i f ic a n t  d i f f e r e n c e  w ith  99% c o n f id en ce .
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T ab le  17. P e rc e n ta g e s  of h ab ita t  types  and th e i r  o b se rv e d  use  by  b ig h o rn  sheep  fo r  th re e  a r e a s  of
a v a i la b i l i ty  during  sp r in g  1976.
H ab ita t
ty p e
A v a i la b i l i ty  a r e a s
C o n c e n t r a te d  u s e  
E x p e c te d  O b s e rv e d
H igh u se
E x p e c te d  O b s e rv e d
M ax im u m  s p r in g  ra n g e  
E x p e c te d  O b s e rv e d
R o ck 0. 105 0. 284 +++1 0. 074 0. 330 +++ 0. 019 0 .2 9 4 +++
S c re e 0. 495 0. 540 nsd^ 0. 428 0 .4 9 6 n sd 0. 187 0. 465 +++
P P / f e i d 0. 136 0. 081 n s d 0. 080 0. 087 n s d 0. 071 0. 101 n s d
D F /a g s p 0. 092 0 .0 5 4 n s d 0. 146 0. 061 — — — 0. 120 0. 101 n s d
D F / c a r u - a g s p 0. 064 0. 040 n s d 0. 026 0. 026 n s d 0. 037 0 .0 3 1 n s d
DF / p h m a  -p h m a 0 .0 9 2 0. 084 0. 181
D F / p h m a - c a r u 0. 021 0. 074 0. 151
G F /C o o c 0. 032 0. 087
G F / d u n 0. 056 0 .0 4 7
D F / c a r u - c a r u 0. 025
D F / x e t e - v a g l 0 .0 6 1 0. 008 — — —
A F / l i b o 0. 006
A F / g a t r 0 .0 0 8
N u m b e r  of o b s e r v a t io n s  
T o ta l  a c r e s  848
74
2, 190
115
6, 131
129
■+ o r  - = s ig n i f ic a n t  d i f f e r e n c e  w ith  90% co n f id e n ce .
++ o r  - -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  95% co n f id e n ce .
+++ o r  = s ig n i f ic a n t  d i f f e r e n c e  w ith  99% co n f id e n ce .
'n s d  = no s ig n if ican t  d if fe ren ce .
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T ab le  18. P e rc e n ta g e s  of land types  and th e i r  o b se rv e d  use  by  b ighorn  sheep  fo r  th re e  a r e a s  of
a v a ila b i l i ty  during  w in te r  1975-1976.
A v a i la b i l i ty  a r e a s
C o n c e n t r a te d  u s e High u se M a x im u m  w in te r  r a n g e
L an d ty p e E x p e c te d O b s e rv e d E x p e c te d O b s e r v e d E x p e c te d O b s e r v e d
41 0. 085 0 .1 6 1 0. 065 0. 172 +++ 0. 045 0. 170 +++
l l l A l 0 .6 4 2 0. 782 +++ 0 .2 6 7 0 .6 2 1  +++ 0. 185 0 .6 1 4  +++
l l l A 0. 120 0 .0 5 6  ---- 0 .3 3 5 0. 195 +++ 0 .2 3 2 0 .1 9 3  nsd^
14A 0. 152 0. 058 0 .0 4 0
IlO A 0. 190 0. 155
110A2 0. 086 0 .0 1 2  ---- 0. 060 0 .0 1 2  ----
IlO A , l l l A 0 .2 8 2 0 .0 1 2  ----
N u m b e r  of o b s e r v a t io n s  
T o ta l  a c r e s 846
124
2 ,2 2 0
169
3, 196
171
'•+ o r  -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  90% c o n f id e n ce .
++ o r  - -  = s ig n i f ic a n t  d i f f e r e n c e  w ith  95% c o n f id e n c e .
+++ o r  = s ig n i f ic a n t  d i f f e r e n c e  w ith  99% c o n f id e n ce .
'n s d  = no s ign if ican t d if fe ren ce .
T ab le  19. P e rc e n ta g e s  of land types  and th e i r  o b se rv e d  use  by  b ighorn  sheep  fo r  t h r e e  a r e a s  of
av a i la b i l i ty  during  s p r in g  1976.
A v a i la b i l i ty  a r e a s
C o n c e n t r a te d  u se H igh u se M a x im u m  s p r in g  r a n g e
L a n d ty p e E x p e c te d O b s e rv e d E x p e c te d O b s e r v e d E x p e c te d O b s e rv e d
41 0. 085 0 .2 9 7 +++1 0 .0 6 5 0. 330 +++ 0. 024 0. 294 +++
l l l A l 0. 642 0. 554 nsd^ 0 .2 6 7 0. 365 n s d 0 .0 9 8 0. 326 +++
l l l A 0. 120 0 .0 9 4 n s d 0. 335 0 .2 2 6 ++ 0. 180 0 .2 7 1 n s d
14A 0 .1 5 2 0. 054 ------------ 0. 058 0. 035 n s d 0. 121 0. 046 +++
IlO A 0. 190 0 .0 1 7 — ------- 0. 106 0. 023 ------------
110A2 0. 086 0. 026 ------------ 0 .0 3 2 0 .0 2 3 n s d
lOA 0 .0 7 0
l l l A ,  I lO A 0 .0 8 0 0 .0 1 6 ------------
IlO A , l l l A 0. 184
12A 0. 064
3A 0. 039
N u m b e r  of o b s e r v a t io n s 74 115 129
T o ta l  a c r e s 846 2 ,2 2 0 6, 009
1+ o r  - 
++ o r  - -  
+++ o r  —
= s ig n i f ic a n t  d i f f e r e n c e  w ith  90% c o n f id en ce .  
= s ig n i f ic a n t  d i f f e r e n c e  w ith  95% c o n f id en ce .  
= s ig n i f ic a n t  d i f f e r e n c e  w ith  99% c o n f id en ce .
'n sd  = no s ig n if ican t d iffe ren ce .
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m a n n e r  in w h ich  th e  a r e a s  of a v a i l a b i l i ty  a r e  d e t e r m in e d  and in  a w ay  
i s  a r t i f i c i a l .  It sh o w s  th e  im p o r ta n c e  of d ra w in g  th e  b o u n d a r ie s  fo r  
h a b i ta t  s e le c t io n  in  a  m a n n e r  th a t  m a k e s  b io lo g ic a l  s e n s e .  S e le c t io n  
p a t t e r n s  fo r  th e  a r e a  of c o n c e n t r a te d  u se  a r e  a lw ay s  d i f f e r e n t  th a n  fo r  
th e  a r e a  of m a x im u m  r a n g e .  D u rin g  w in te r ,  c l if f  c o v e r  ty p e  is  b e in g  
u s e d  a t  r a n d o m  w ith in  the  c o n c e n t r a t e d  u se  r e g io n  bu t  i t  is  h ig h ly  
s e l e c t e d  f o r  w ith in  the  m a x im u m  w in te r  r a n g e .  P a r t l y ,  th is  i s  due to  
th e  s h e e p  h av in g  m a d e  a s e le c t io n  fo r  w hat th e y  w an t to  u s e  and  avo id  
b e f o r e  th e  m o v e  onto  th e  a r e a  of c o n c e n t r a te d  u s e .  T h is  r e g io n  
p r e s u m a b ly  h a s  th e  p r o p e r  ju x ta p o s i t io n  of h a b i ta t  c o m p o n e n ts  th e y  
d e s i r e ,  s in c e  it  c o n ta in s  72% of the  o b s e r v a t io n s .  In o th e r  r e g io n s ,  
t h e r e  a r e  m o r e  c o m p o n e n ts  and  th e y  a p p e a r  in  v a r y in g  p r o p o r t io n s ;  
h e r e ,  s h e e p  show  m o r e  of w h a t  th ey  d e s i r e  and  av o id .
In a l l  c a s e s ,  h a b i ta t  p r e f e r e n c e s  sh if t  f r o m  w in te r  to  s p r in g .  
B u n c h g r a s s  and  s a v a n n a  ty p e s  a r e  u s e d  m o r e  d u r in g  s p r in g .  R ock  
o u tc ro p  and  s c r e e  ty p e s  a r e  u s e d  l e s s  in s p r in g  th a n  w in te r .  D oug las  
f i r /b lu e b u n c h  w h e a tg r a s s  is  u s e d  m o r e  d u r in g  s p r in g .  In th e  s p r in g ,  
D oug las  f i r / p in e g r a s s - b lu e b u n c h  w h e a tg r a s s  is  b e in g  u s e d  a t  ra n d o m  
bu t no u se  w a s  s e e n  d u r in g  w in te r .  M o re  h a b i ta t  ty p e s  and  la n d ty p e s  
w e r e  u se d  in  s p r in g  th a n  d u r in g  w in te r  b e c a u s e  of a  chan g e  in  a v a i l ­
a b i l i ty  and b e c a u s e  of a r e a l  chan g e  in h a b i ta t  p r e f e r e n c e .
In g e n e r a l ,  s h e e p  s e l e c t e d  v e g e ta t io n  ty p e s  w ith  l i t t l e  f o r e s t  
o v e r s t o r y  and  a  p re d o m in a n t ly  g r a s s  u n d e r s to r y .  T y p e s  w ith  h igh
77
f o r e s t  and  s h r u b  can o p y  c o v e r a g e  w e r e  a v o id ed . C liffs  and  s o u th - 
f a c in g  s lo p e s  w ith  m u c h  r o c k  w e r e  h e a v i ly  u se d .
H a b itu a t io n  of s h e e p . At th e  b eg in n in g  of the  s tu d y , sh e e p  
w e r e  w a ry .  T h e i r  u n e a s in e s s  w as  g r e a t e r  th a n  o th e r  s h e e p  p o p u la ­
t io n s  I o b s e r v e d  and  r e p o r t s  of s h e e p  p o p u la t io n s  in th e  l i t e r a t u r e  
(Sm ith  1954, B ro w n  1974). D u r in g  A p r i l  1974, W il l ia m  H ickey ,
J e r r y  G iffo rd ,  and  I a t t e m p te d  to  t r a n q u i l i z e  s h e e p  in Sheep C r e e k  
d ra in a g e ,  Idaho , w ith  no s u c c e s s .  U nlike  p re v io u s  e x p e r ie n c e  w ith  
o th e r  p o p u la t io n s  d u r in g  th a t  s e a s o n ,  th e y  b o l te d  w hen  we a p p ro a c h e d  
w ith in  200 y a r d s  (183 m ) .  1 b e g an  in te n s iv e  o b s e r v a t io n s  of w in te r in g
s h e e p  on 6 D e c e m b e r  1975 an d  c o n tin u ed  th ro u g h  M ay 1976. By 
M a rc h  1976, m a n y  s h e e p  w e r e  h a b i tu a te d  (G eis t  1975a) to  m y  
p r e s e n c e  and  I cou ld  o f ten  a p p r o a c h  th e m  to  w ith in  30 y a r d s  (27 m ).
C o m m e n ts  on r a n g e  c o n d i t io n s . An in te n s iv e  a n a ly s i s  of 
r a n g e  c o n d it io n  w as  not a n  o b je c t iv e  of th e  s tudy ; n e v e r t h e l e s s ,  p o o r  
w in te r  r a n g e  c o n d it io n  w a s  a p p a r e n t .  G r a s s e s ,  in c lu d in g  b lu eb u n ch  
w h e a t g r a s s ,  Idaho  f e s c u e ,  J u n e g r a s s ,  and  b l u e g r a s s e s  (P o a  sp p .  ), 
w e r e  h e a v i ly  g r a z e d  (F ig s .  5a and  31a), le av in g  l i t t l e  o ld  g ro w th  a t  the  
b a s a l  c ro w n s  b y  s p r in g .  G re e n b u s h  w as  so  h e a v i ly  b r o w s e d  and  
c lu b b ed  (F ig .  31a) th a t  i t s  h e ig h t  w as  only  3 to  4 in c h e s  (8 to  10 cm ) 
in s t e a d  of 1 to  3 m e t e r s  a c c o r d in g  to  H itc h co c k  and  C ro n q u is t  (1973) 
and  24 to  30 in c h es  (61 to  76 cm ) (F ig . 31b) th a t  is  i t s  u s u a l  g ro w th
F ig .  31. P h o to g r a p h s  of g r e e n b u s h  (G lo s so p e ta lo n  n e v a d e n s e ) 
in Sheep  C r e e k  an d  S a lm o n  R iv e r  d r a in a g e s .
a .  P h o to  sh o w in g  g r e e n b u s h  a s  it  o c c u r s  in th e  
Sheep C r e e k  d r a in a g e  of Idaho . (P h o to  c o u r t e s y  
of W. O. H ic k ey .  )
b . P h o to  sh o w in g  g r e e n b u s h  a s  i t  o c c u r s  a lo n g  the  
M idd le  F o r k  of th e  S a lm o n  R iv e r ,  Idaho.
(P h o to  c o u r t e s y  of W. O. H ick ey . )
y
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f o r m  on the  S a lm o n  R iv e r  (H ickey , p e r s o n a l  c o m m u n ic a t io n ) .  O th e r  
p a la t a b le  s h r u b s ,  c h o k e c h e r r y  (P r u n u s  v i r g i n i a n a ), s e r v i c e b e r r y  
(A m e la n c h ie r  a ln i f o l i a ), and  m o u n ta in  m a p le  (A c e r  g l a b r u m ) w e r e  
s e v e r e l y  h edged , a p p e a r e d  a s  s in g le  s t a l k s ,  o r  h ad  m o s t ly  g ro w n  out 
of r e a c h  of h e r b i v o r e s .  P a r t  of th e  c h a r a c t e r i s t i c s  of the  r o c k  o u t ­
c ro p  c o v e r  ty p e  c o m m u n i ty  is  e x p o se d  r o c k  and b a r e  s o i l ,  a  co n d ition  
th a t  is  no t a s  p r e v a le n t  u n d e r  b e t t e r  r a n g e  c o n d i t io n s .
C H A P T E R  V 
DISCUSSION
M o v em en ts
S e a so n a l  m o v e m e n t  p a t t e r n s  can  be  h y p o th e s iz e d  f r o m  
re lo c a t io n s  of m a r k e d  s h e e p  an d  o b s e r v a t io n s  of s h e e p  in  g e n e r a l .
The  ew es  m o v e  f r o m  th e  w i n t e r - s p r i n g  r a n g e  lo c a te d  a long  the  Se lw ay  
R iv e r  to  M on tana  in  la te  M ay  o r  e a r l y  J u n e .  T h e  m ig r a t io n  r o u te  
le a d s  f r o m  th e  S e lw ay  o v e r  th e  B i t t e r r o o t  D iv ide  and  down S h eep h ead  
C r e e k  d r a in a g e  to  th e  N ez  P e r c e  F o r k  of th e  B i t t e r r o o t  R iv e r .  Sheep 
in i t i a l ly  r a n g e  o v e r  th e  lo w e r  e le v a t io n s  of th e  h a b i ta t  in M ontana . As 
th e  snow  m e l t s ,  th e y  m o v e  to  h ig h e r  e le v a t io n s .  D u r in g  th e  s u m m e r  
m o n th s ,  s h e e p  a r e  lo c a te d  p r i m a r i l y  in the  h igh  su b a lp in e  b a s in s  a long  
th e  D iv ide , b u t  s o m e  s h e e p  can  a lw ay s  be found a lo n g  th e  N ez P e r c e  
R o ad  and o th e r  a r e a s  a t  lo w e r  e le v a t io n s .  T h is  m o v e m e n t  p a t t e r n  can  
be  i n t e r p r e t e d  a s  s h e e p  fo l lo w in g  the  r e t r e a t i n g  snow  l in e  and  the  
e m e r g e n c e  of g r e e n  v e g e ta t io n .  M u r ie  (1944), S m ith  (1954), and  
B lood  (1963) o b s e r v e d  th e  s a m e  type  of e le v a t io n  m o v e m e n ts  
s e a s o n a l ly .
R a m s  p r e s u m a b ly  fo llow  a s i m i l a r  p a t t e r n .  D u r in g  e a r l y  
s u m m e r  th e y  a r e  a t  lo w e r  e le v a t io n s  in M on tana . L a t e r  in the
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s u m m e r ,  one g ro u p  of r a m s  c e n t e r s  i t s  a c t iv i ty  a ro u n d  M ount 
J e r u s a l e m ;  a n o th e r  g ro u p  of f o u r  to  f iv e  r a m s  r e m a in s  a long  the  
N ez  P e r c e  R oad  above  S h eep h ead  C r e e k .  T h e r e  a r e  a p p a r e n t ly  two 
ru t t in g  a r e a s ,  one lo c a te d  in M on tana  and a n o th e r  in  th e  v ic in i ty  of 
Sheep C r e e k ,  Idaho . I b e l ie v e  a  c o n s ta n t  (unknown) n u m b e r  of sh e e p  
t r a d i t i o n a l ly  ru t  in  M on tana  in d ep en d en t of snow  c o n d i t io n s .  H ow ever , 
th e  to ta l  n u m b e r  of sh ee p  th a t  r u t  in M ontana  d ep en d s  on the  am o u n t of 
snow  in a p a r t i c u l a r  w in te r .  M o st  sh ee p  th a t  r u t  in M on tana  le a v e  by 
e a r l y  J a n u a r y .  P e r h a p s  th e y  m o v e  to  the  Selw ay w in te r in g  a r e a .
G e is t  (1971) o b s e r v e d  s h e e p  m a k in g  long w in te r  m ig r a t io n s  th ro u g h  
s e v e r e  snow  c o n d it io n s .
A l im i t e d  n u m b e r  of sh e e p  m a y  be found in M on tana  d u r in g  
w in te r .  T h o s e  th a t  r e m a i n  p e r h a p s  a r e  t r a p p e d  by deep  snow , a s  
o b s e r v e d  b y  G e is t  (1971). P r u i t t  (1959) found s m a l l  p o c k e ts  of 
c a r ib o u  i s o la t e d  f r o m  th e  m a j o r  w in te r in g  p o p u la t io n s .  A p o r t io n  of 
the  s h e e p  in  th e  G a l la t in  C anyon  (C o n s tan  1967) and  the  B e a r to o th  
M o un ta in s  (S tew a r t  1975) sp en d  the  w in te r  above  t i m b e r l i n e  in a r e a s  
b low n f r e e  of snow . T he  S h eep h ead  C r e e k  a r e a  u s u a l ly  h a s  a deep , 
d e n s e  snow  c o v e r .
M ost r u t t in g  a c t iv i ty  in th is  s tu d y  took  p la c e  in Idaho. R a m s  
le f t  th e  Sheep C r e e k  ru t t in g  g ro u n d s  in  J a n u a r y  w ith  a few r e tu r n in g  in  
A p r i l .  Ew e g ro u p s  a r e  co n f in ed  b y  snow  to  a r e l a t i v e l y  s m a l l  a r e a  
d u r in g  w in te r .  As the  snow  m e l t s ,  th e y  expand  t h e i r  r a n g e  u n til .
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f in a l ly ,  th e y  b e g in  t h e i r  s p r in g  m ig r a t io n .
M y d a ta  in d ic a te  th a t  the  t im in g  fo r  s p r in g  and  w in te r  
m ig r a t io n s  i s  in f lu en c ed  b y  w e a th e r .  E w es  la m b e d  in  Idaho in  1 9 7 5 - -  
a y e a r  w hen  s p r in g  w a s  a p p r o x im a te ly  a m o n th  l a t e - - b u t  s o m e  
p ro b a b ly  la m b e d  in M on tana  in  1976, a n o r m a l  s p r in g .  E w e s  w e r e  
not s e e n  1 Ju n e  1975 in  M o n tan a  bu t  th e y  w e r e  e a s i ly  s e e n  22 M ay 
1976. E w e 152 w a s  on h e r  w in te r  r a n g e  b e f o r e  1 N o v e m b e r  1975 b u t  
w as  a t  h igh  e le v a t io n s  1 D e c e m b e r  1976. M u rie  (1944), B lood (1963), 
and G e is t  (1971) r e v ie w  th e  s p e c u la t io n s  f o r  th e  c a u s e  of m ig r a t io n .
It i s  u n d o u b ted ly  not a s im p le  r e s p o n s e  to  snow , fo r a g e  a v a i la b i l i ty ,  
o r  in s e c t s ;  bu t I do not v iew  s h e e p  as  a s p e c ie s  bound  b y  i t s  t r a d i t io n s  
and  b io lo g ic a l  c lo ck  to  m a k in g  m o v e m e n ts  to  c e r t a i n  a r e a s  a t  sp e c i f ic  
t im e s  of th e  y e a r  as  in d ic a te d  b y  G e is t  (1971). C oady  (1974:430) 
c o n c lu d ed  th a t ,  w h ile  i n i t i a l  m o v e m e n ts  f o r  the  f a l l  m ig r a t io n  of m o o s e  
m a y  be  r e l a t e d  to  f a c to r s  o th e r  th an  snow , the  s p e e d  and  e x ten t  of 
m ig r a t io n  i s  a p p a r e n t ly  in f lu e n c e d  by  snow . His o b s e r v a t io n s  d u r in g  
the  s p r in g  m ig r a t io n  in d ic a te d  th a t  i t  could  v a r y  by  a  m o n th  d epend ing  
on th e  t im in g  of snow  m e l t .  T h is  p ro b a b ly  is  t r u e  f o r  s h e e p  in  the  
B i t t e r r o o t  M o u n ta in s .  S m ith  (1954) fe l t  th a t  th e  f a l l  m ig r a t io n  w as  
e n t i r e ly  a r e s p o n s e  to  s n o w fa l l .  C o n s ta n  (1967) r e p o r t e d  sh e e p  
m ig r a t in g  to  w in te r  r a n g e  e a r l y  as  a r e s p o n s e  to  sn o w fa l l .
T h e  m o v e m e n ts  of b ig h o rn s  in  the  B i t t e r r o o t  M o u n ta in s ,  a s  
r e f l e c t e d  b y  s t a n d a r d  d i a m e t e r s ,  a r e  c o m p a r a b le  to o th e r  p o p u la t io n s
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in Idaho  and  M ontana  (M o rg an  1970, E r i c k s o n  1972, B ro w n  1974, 
F r i s i n a  1974, S te w a r t  1975). S ta n d a rd  d i a m e te r s  a r e  l a r g e r  in 
s u m m e r  th a n  in  w in te r .  S p r in g  b r in g s  an  i n c r e a s e  in  m o v e m e n ts  
w ith in  th e  w in te r  r a n g e .  T he  d i s ta n c e  b e tw een  the  l a s t  w in te r  and  
the  f i r s t  s u m m e r  lo c a t io n ,  15 m i l e s  (24 km ), is  i n t e r m e d ia te  b e tw ee n  
th o s e  r e p o r t e d  f o r  s h e e p  a lo n g  the  S a lm on  R iv e r  (Sm ith  1954, M o rg an  
1970) and  on th e  B e a r to o th  P l a t e a u  (S tew art  1975), 20 m i le s  (32 km ), 
and  th o s e  in  th e  Sun R iv e r  (C ouey 1950, E r i c k s o n  1972), 10 m i le s  
(16 km ).
T h e  d e g r e e  of a s s o c i a t i o n  of sh e e p  d u r in g  w in te r  in  the  Sun 
R iv e r  (E r ic k s o n  1972), T h o m p so n  F a l l s  (B row n 1974), and  the  
B i t t e r r o o t s  i s  s i m i l a r .  T h e r e  i s  a p p a r e n t ly  l i t t l e  c o h e s io n  b e tw e e n  
tw o in d iv id u a ls .  A g ro u p  of g iven  s iz e  th a t  is  r e p e a te d ly  o b s e r v e d  
o f ten  c o n s i s t s  of d i f f e r e n t  in d iv id u a ls .
H ab ita t  S e le c t io n
S e v e r a l  s tu d ie s  of b ig h o rn  s h e e p  in  M on tana  and  Idaho  
(Sm ith  1954, C o n s ta n  1967, C o o p e r r i d e r  1968, E r i c k s o n  1972, B row n  
1974, B a l l i s t e r  1974, S te w a r t  1975) p r e s e n t  d a ta  on v e g e ta t io n  u se  
d u r in g  w in te r ;  h o w e v e r ,  th e y  h av e  not o b ta in e d  in fo r m a t io n  on 
a v a i l a b i l i ty  of h a b i t a t s .  R e c e n t ly ,  s e v e r a l  s tu d ie s  in d ic a te d  the  
im p o r ta n c e  of a v a i l a b i l i ty  to  d e m o n s t r a t e  s e l e c t io n  and  a v o id an c e  
(Neu et a l .  1974, I rw in e  1975, M a r c u m  1975, K e a rn e y  and  G i lb e r t
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1976). P la n n in g  un its  in th e  N o r th e r n  R eg ion , USFS, a r e  b e in g  
m ap p ed  f o r  v e g e ta t io n  u s in g  th e  h a b i ta t  ty p in g  m e th o d  of P f i s t e r  et a l .  
(1974); m a n y  p re v io u s  s tu d ie s  u se d  c o v e r  ty p e s .  A n im a ls  in g e n e r a l  
a p p a r e n t ly  s e l e c t  m o r e  f o r  th e  s t r u c t u r e  of th e  v e g e ta t io n  r a t h e r  than  
f o r  p la n t  s p e c ie s  (M a c A r th u r  an d  M a c A r th u r  1961, W inn 1976).
B e c a u s e  of th is  s o r t  of s e l e c t io n ,  c o v e r  ty p e s  a r e  p ro b a b ly  b e t t e r  f o r  
a n a ly s i s  f o r  h a b i ta t  u s e .  N e v e r t h e l e s s ,  h a b i ta t  ty p e s  can  be  u s e d  a s  
show n h e r e .  T h e y  a r e  u n d o u b ted ly  b e s t  u s e d  w hen  th e y  can  be 
g ro u p e d  b y  s t r u c t u r a l  c h a r a c t e r i s t i c s .  T he  im p o r ta n c e  of s o i l  to  
w ild l i fe  h a s  b e e n  known f o r  m a n y  y e a r s  (B enn itt  193 9, L eo p o ld  and  
D alke  1943, D en n ey  1944, C r a w f o r d  1946 and  1950). R e c e n t ly ,  s tu d ie s  
h a v e  in c lu d e d  s o i l  a n a ly s i s  in  t h e i r  h a b i ta t  a n a ly s i s  [ see  S c h a l l e n b e r g e r  
(1974 and  1976) f o r  la n d ty p e s  and  g r i z z ly  b e a r s  (U rs u s  a r c t o s ), the  
w o rk  of T h o m a s  and  h is  c o l le a g u e s  (T h o m as  1976) f o r  la n d ty p e s  and  
e lk , and  E d w a rd s  (1958) f o r  la n d f o r m s  and  c a r ib o u ] .  L an d ty p e  
m a p p in g  is  p a r t  of th e  p la n n in g  un it  a n a ly s i s  in  th e  N o r th e r n  R eg io n . 
T h is  s tu d y  p r e s e n t s  h a b i ta t  s e l e c t io n  d a ta  in t e r m s  of c o v e r  ty p e ,  
h a b i ta t  ty p e ,  and  la n d ty p e .  B o u n d a r ie s  of m a p p in g  u n its  w e r e  d i s c r e t e  
s o  m e an in g fu l  p a t t e r n s  cou ld  be  found. F o r  o th e r  s p e c i e s ,  su c h  a s  
e lk , m a p p in g  m a y  not be  f e a s ib l e  and  o th e r  m e th o d s  a r e  n e e d e d  
(M a rc u m  1975). T h e s e  d a ta  in d ic a te  th a t  the  d a ta  p r e s e n t l y  b e in g  
c o l le c te d  in  th e  U. S. F o r e s t  S e rv ic e  p lan n in g  p r o c e s s  m a y  be  u sed  to  
e v a lu a te  b ig h o rn  s h e e p  h a b i ta t  u se  and  p r e f e r e n c e .
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S tu d ies  on w h i te ta i le d  d e e r  show  th a t  th e y  s e l e c t  m a in ly  f o r  
c o v e r  in  th e  w in te r  and  no t f o r  food (Webb 1948, M oen  1973). Snow 
in te r c e p t io n  and  p r o te c t io n  f r o m  w ind  a r e  th e  m a in  fu n c tio n s  of c o v e r  
d u r in g  w in te r ,  w ith  p r o te c t io n  f r o m  r a d ia t io n a l  co o ling  a d is ta n t  
s e c o n d .  D ep en d in g  on h e ig h t  and  d e n s i ty ,  s h r u b s  a r e  a b le  to p ro v id e  
th is  p ro te c t io n .  S e v e r a l  w ild l i f e  s p e c ie s  d e c r e a s e  t h e i r  food in tak e  
d u r in g  th e  w in te r .  T h e i r  m a in  p h y s io lo g ic a l  fu n c tio n  is  s u r v iv a l .  
D u r in g  s p r in g ,  p r e g n a n c y  c r e a t e s  h ig h e r  d e m an d s  on th e  fe m a le ;  a l s o  
the  w in te r  co a t  is  s h e d .  N u tr i t io n  b e c o m e s  a h igh  p r i o r i t y  (M oen 
1973). Sheep a r e  known to  fo llow  the  p r o g r e s s i o n  of snow  m e l t  and  
the  e m e r g e n c e  of g r e e n  v e g e ta t io n  a s  p a r t  of th e  lo c a l  sh i f t  w ith in  
s p r in g  ra n g e  (S m ith  1954, G e is t  1971). T h e s e  a r g u m e n ts  m a y  e x p la in  
the  sh i f t  f r o m  h igh  s e l e c t io n  d u r in g  w in te r  to  r a n d o m  u s e  in  s p r in g  fo r  
r o c k  o u tc ro p  c o v e r  ty p e  an d  s c r e e  h a b i ta t  ty p e .  T he  i n c r e a s e  in th e  
n u m b e r  of c a t e g o r i e s  u n d o u b ted ly  is  due to  sh ee p  fo llow ing  th e  g r e e n -  
up of v e g e ta t io n  and s e e k in g  food.
C lif f s  a r e  im p o r ta n t  in  bo th  w in te r  and  s p r in g .  D u r in g  
w in te r ,  c l i f f s  s lo u g h  snow ; thus  they  a r e  m a in ly  s n o w - f r e e ,  a l low ing  
s h e e p  to  fe e d  w ith o u t  t r y in g  to  paw th ro u g h  a deep , d e n s e  sn o w p ack  
(G e is t  1 9 7 1 :93 -94 ) . C lif fs  a r e  a l s o  s a f e  lo c a t io n s  f o r  la m b in g  d u r in g  
th e  s p r in g .  T h e s e  a d v a n ta g e s  a r e  r e f l e c t e d  b y  s t r o n g  s e le c t io n  f o r  
th is  ty p e  b o th  w in te r  and  s p r in g .
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F o o d  H a b its
F o o d  h a b i t s  of s h e e p  v a r y  a m o n g  p o p u la t io n s  d epend ing  on 
th e  v e g e ta t io n  a v a i la b le .  S m ith  (1954) found 56% and  39% u se  of 
g r a s s e s - f o r b s  and  s h r u b s ,  r e s p e c t iv e ly ,  f o r  the  S a lm o n  R iv e r  w in te r  
r a n g e .  M o rg a n  (1970) r e p o r t e d  69% g r a s s e s ,  4% f o r b s ,  and  27% 
b r o w s e  f o r  M o rg a n  C r e e k ,  Idaho , d u r in g  w in te r .  T he  sh ee p  on the  
w in te r  r a n g e  n e a r  W es t  R o se b u d  C r e e k  in th e  B e a r to o th s  of M ontana  
u s e d  47% g r a s s e s ,  13% f o r b s ,  and 40% s h r u b s  (S tew art  1975). T h o s e  
s h e e p  on th e  S t i l lw a te r  w i n t e r  r a n g e  in  th e  B e a r to o th s  u t i l iz e d  50%, 
15%, and 34% g r a s s e s ,  f o r b s ,  and  s h r u b s ,  r e s p e c t i v e l y  (S tew art
1975). T h e  s h e e p  th a t  w in t e r  in  th e  G a l la t in  C anyon , M on tana , a te  
72%, 17%, and  8% g r a s s e s ,  f o r b s ,  and b r o w s e ,  r e s p e c t iv e ly  (C ons tan  
1967). S c h a l l e n b e r g e r  (1966) r e p o r t e d  37% g r a s s ,  22% f o r b s ,  and  
42% b ro w s e  e a te n  d u r in g  th e  w in te r  in  th e  Sun R iv e r  a r e a  of M on tana . 
B ro w n  (1974) r e p o r t e d  th e  w in t e r  food h a b i t s  n e a r  T h o m p so n  F a l l s ,  
M on tana , a s  5%, 3%, and  92% g r a s s e s ,  f o r b s ,  and  s h r u b s .  E x c e p t  
f o r  B r o w n 's  (1974) w o rk ,  th e  d ie t  c o m p o s i t io n  of s h e e p  d u r in g  th e  
w in te r  i s  f a i r l y  s t a n d a r d  d e s p i t e  d i f f e r e n c e s  in  r a n g e  c o m p o s i t io n .  
T h e s e  d a ta  c o m p a r e  f a v o r a b ly  to  th e  w in te r  d ie t  c o m p o s i t io n  f r o m  
th is  s tu d y  (40% g r a s s e s ,  17% f o r b s ,  and  43% b ro w s e ) .
T h o s e  s tu d ie s  th a t  r e p o r t  w in te r  food h a b i t s  b y  m on th  
(C o n s tan  1967, C o o p e r r i d e r  1968, M o rg a n  1970) show  r e l a t i v e ly  h igh , 
c o n s ta n t  u s e  of g r a s s e s .  I found th e  u se  of g r a s s e s  d e c l in in g
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th ro u g h o u t  th e  w in te r ,  p ro b a b ly  due to  g r a s s e s  b e c o m in g  l e s s  a v a i l ­
ab le  a f t e r  h e av y  u s e .  C o n s ta n  (1967) r e p o r t e d  a sw i tc h  d u r in g  the  
w in te r  f r o m  b lu eb u n ch  w h e a tg r a s s  to  Idaho f e s c u e  f o r  th e  s a m e  r e a s o n .  
L e a c h in g  of n u t r i e n t s  is  p r o b a b ly  not th e  r e a s o n  s in c e  th is  u s u a l ly  
h a p p en s  b e f o r e  D e c e m b e r  (O e lb e rg  1956).
B lu eb u n ch  w h e a t g r a s s  and  Idaho f e s c u e  w e re  r e p o r t e d  a s  
im p o r ta n t  g r a s s e s  f r o m  s e v e r a l  s tu d ie s  (Sm ith  1954, S c h a l le n b e r g e r  
1966, C o n s ta n  1967, C o o p e r r i d e r  1968, M o rg a n  1970, B ro w n  1974, 
S te w a r t  1975) and  a r e  th e  m o s t  im p o r ta n t  g r a s s e s  e a te n  by  b ig h o rn s  
in the  B i t t e r r o o t s .  G re e n b u s h  h a s  on ly  b e e n  r e p o r t e d  a s  a food i t e m  
f o r  s h e e p  in  th e  M idd le  F o r k  of th e  S a lm o n  R iv e r  (Sm ith  1954; H ickey , 
p e r s o n a l  c o m m u n ic a t io n ) .  G re e n b u s h  is  e x t r e m e l y  h e a v i ly  e a te n  by  
s h e e p  a long  th e  Se lw ay  R iv e r .  Its  l im i t e d  d i s t r ib u t io n  (H itchcock  and 
C r o n q u is t  1973) is  p ro b a b ly  th e  m a j o r  r e a s o n  fo r  i ts  l a c k  of im p o r ta n c e  
in th e  l i t e r a t u r e .
R ange  C on d it io n  and  P o p u la t io n  S ta tu s
P o o r  w in te r  r a n g e  co n d it io n  is  r e f l e c te d  in m a n y  w a y s .  
B u n c h g r a s s e s  a r e  a lm o s t  c o m p le te ly  u t i l iz e d ,  y e t  p r o p e r  u se  is  
a p p r o x im a te ly  50% (Stelfox 1975). F ood  h a b i ts  d a ta  in d ic a te  th a t  
sh e e p  a r e  ru n n in g  out of g r a s s e s .  G re e n b u s h  is  s e v e r e l y  hed g ed  and  
only  g ro w s  to  3 o r  4 in c h e s  (7 to  10 cm ) c o m p a r e d  to  i t s  u s u a l  24 to  
30 in c h es  (61 to  76 c m ) .  O th e r  p a la ta b le  s h r u b s  a r e  in p o o r  cond ition .
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N e c r o t i c  s t o m a t i t i s  and  p r o b le m s  w ith  to o th  w e a r  w e r e  found w h ich  
a r e  u s u a l ly  r e l a t e d  to  p o o r  r a n g e  co n d itio n  (M u rie  1944). A nnual 
h o rn  g ro w th  show s th a t  th is  is  a low v ig o r  p o p u la t io n  and  S h ack le to n  
(1973) h a s  d i r e c t ly  r e l a t e d  p o p u la t io n  q u a l i ty  to  n u t r i t io n a l  l e v e l s .
T h e  o b s e r v e d  e w e - la m b  r a t i o  is  n o r m a l  c o m p a r e d  to  m a n y  
p o p u la t io n s  (Sm ith  1954, S c h a l l e n b e r g e r  1966, C o n s ta n  1967, M o rg an  
1970, F r i s i n a  1974, S te lfox  1975). G e is t  (1971:291) found a s ig n i f ic a n t  
r e la t io n s h ip  b e tw e e n  la m b  c ro p  s i z e  and  i t s  s u r v iv a l  d u r in g  w in te r .
His r e g r e s s i o n  l in e  p r e d i c t s  th e  50 p e r c e n t  m o r t a l i t y  of l a m b s  th a t  I 
o b s e r v e d .
P o o r  r a n g e  co n d i t io n  is  o ften  r e f l e c t e d  in  h igh  lu n g w o rm  
l a r v a e  ou tpu t (B u e ch n e r  1960, U hazy et a l .  1973, S te lfox  1975). In 
the  B i t t e r r o o t s ,  l a r v a e  ou tpu t is  lo w e r  th a n  in o th e r  p a r t s  of M ontana  
( F o r r e s t e r  and  S e n g e r  1964, B ro w n  1974, S te w a r t  1975, W o r le y  e t a l .
1976), p o s s ib ly  due to l im i t e d  c o n c e n t r a t io n s  of s h e e p .
T h e  s u m m e r  r a n g e  a p p a r e n t ly  is  p le n t i fu l  and in  e x c e l le n t  
co n d it io n .  M oen (1973) in d ic a te d  th a t  a n im a ls  w h ich  b eg in  a p e r io d  of 
s t a r v a t i o n  in good co n d i t io n  do b e t t e r  th an  th o s e  th a t  b e g in  in p o o r  
s h a p e .  F o r  b ig h o rn s ,  th is  d o es  not m i t ig a te  th e  e f fe c ts  of a p o o r  
w in te r  r a n g e ,  s in c e  th e y  e n t e r  the  r u t  in  la te  N o v e m b e r  and a r e  s o c ia l  
a n im a l s .  R u tt in g  s h e e p  expend  t r e m e n d o u s  a m o u n ts  of e n e r g y  and 
r a m s  p r o b a b ly  d e p le te  m u c h  of t h e i r  fa t r e s e r v e s  (G e is t  1971, M oen 
1973).
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M ost b ig h o rn  s h e e p  in N o r th  A m e r i c a  have  w in te r in g  a r e a s  
on c l im a x  s te p p e  v e g e ta t io n  c o m m u n i t ie s  [S telfox  (1975) f o r  A lb e r ta ;  
S c h a l l e n b e r g e r  (1966) fo r  Sun R iv e r ,  M ontana; Sm ith  (1954) f o r  th e  
M idd le  F o r k  of th e  S a lm o n  R iv e r ,  Idaho; M o rg an  (1970) fo r  o th e r  
p a r t s  of th e  S a lm o n  R iv e r ;  B e r w ic k  (1968) fo r  R ock  C r e e k ,  M ontana; 
O ld e m e y e r  et a l .  (1971) fo r  Y e llo w sto n e  N a t io n a l  P a r k ;  B u e c h n e r  
(1960) f o r  C o lo ra d o  and  W yom ing] . T he  s h e e p  in th e  B i t t e r r o o t s ,  
T h o m p so n  F a l l s ,  M o n tan a  (B row n 1974), and  B r i t i s h  C o lu m b ia  
(D e m a rc h i  1975) do not h a v e  s te p p e  c o m m u n i t ie s  and  th e  e a r l y  
s u m m e r  and  w in te r  r a n g e s  a r e  s e r a i  f i r e  c o m m u n i t ie s  of the  D oug las  
f i r  f o r e s t .  T h e  w in te r  r a n g e  in  th e  B i t t e r r o o t s  w a s  r e p e a te d ly  b u rn e d  
e a r l y  in  th is  c e n tu r y  and  e x te n s iv e  a r e a s  a r e  in  e a r l y  s e r a i  s t a g e s .  
T h e  a r e a  u s e d  d u r in g  e a r l y  s u m m e r  h a s  m a n y  s m a l l  open ings  in  the  
f o r e s t  w h ich  a r e  s e l e c t e d  b y  s h e e p .  T h e s e  open ings  a r e  g ra d u a l ly  
b e in g  re in v a d e d  by  t r e e s .  M o s t  of th e  to ta l  a r e a  i s  h e a v i ly  f o r e s t e d  
so  the  open ings  a r e  p a r t i c u l a r l y  im p o r ta n t  a t  th is  c r i t i c a l  t im e  of 
y e a r  - - ju s t  b e fo re  and  a f t e r  p a r t u r i t i o n .  F o r e s t  r e in v a s io n  and  o v e r -  
g r a z in g  can  s t r e s s  s h e e p ,  c a u s in g  a p o p u la t io n  c r a s h  due to  lu n g w o rm  
p n e u m o n ia  (D e m a rc h i  1975:2 5). B u e c h n e r  (1960) s p e c u la te d  th a t  
b ig h o rn s  a r e  r e g u la te d  b y  p o p u la t io n  c r a s h e s  due to  lu n g w o rm  
p n e u m o n ia  a f t e r  th ey  d e p le te  t h e i r  r a n g e .  A c r a s h  p r o b a b ly  w il l  not 
so o n  o c c u r  in  th e  B i t t e r r o o t s  s in c e  lu n g w o rm  in fe c t io n  a p p e a r s  low. 
H o w ev e r ,  lu n g w o rm  in fe c t io n  m a y  d r a m a t i c a l l y  i n c r e a s e  f r o m  the
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s t r e s s e s  of p o o r  r a n g e .  S te lfox  (1971) found c a s e s  w h e r e  sh e e p  
p o p u la t io n s  on p o o r  r a n g e s  c r a s h e d  due to  s e v e r e  w in te r s  a lo n e .  
P o p u la t io n  t r e n d s  f o r  s h e e p  in  the  B i t t e r r o o t  a r e  now unknown.
T h e  m ig r a t i o n  p a t t e r n  is  v i t a l  to  th e s e  s h e e p .  F ew  sh e e p  
cou ld  w in te r  on th e  s u m m e r  r a n g e  b e c a u s e  of the  deep , d e n se  sn o w -  
p a c k .  If s h e e p  l iv e d  y e a r lo n g  on th e  w in te r  r a n g e ,  food su p p ly  w ould  
s o o n  b e c o m e  c r i t i c a l .  T h e  p a t t e r n  now a l lo w s  b ig h o rn s  to  r o a m  o v e r  
e x c e l le n t  s u m m e r  r a n g e  and  to  w in te r  u n d e r  r e l a t i v e l y  m i ld  co n d it io n s ,  
I f e e l  th a t  th is  m ig r a t io n  p a t t e r n  w ould  be  im p o s s ib le  to  r e c r e a t e  if 
th is  n a t iv e  p o p u la t io n  w a s  e l im in a te d  u n le s s  s o m e  of the  e x p e r im e n ta l  
te c h n iq u e s  of G e is t  (1975b) w e r e  im p le m e n te d  f o r  th e  r e in t r o d u c e d  
s h e e p .  T h e s e  te c h n iq u e s  in v o lv e  im p r in t in g  young sh e e p  on a 
b io lo g is t  who w ould  le a d  th e m  o v e r  t h e i r  y e a r - r o u n d  h a b i t a t s .
CHAPTER VI
R ECO M M EN D A TIO NS
R e c o m m e n d a t io n s  f o r  M a n a g e m e n t
1. T h e  b i g h o r n 's  r a n g e  w ith in  th e  W i ld e r n e s s  b o u n d a ry  
shou ld  be  s tu d ie d  f o r  f u tu r e  m a n a g e m e n t  a s  an  a r e a  in  w h ich  so m e  
l ig h tn in g - c a u s e d  f i r e s  w ou ld  be  a llo w ed  to  b u r n  u n s u p p r e s s e d .
2. C o n s id e r a t io n  sh o u ld  be  g iven  to  p r e s c r i b e d  b u rn in g  of 
b ig h o rn  h a b i ta t  o u ts id e  of th e  W i ld e r n e s s ,  e s p e c i a l l y  th e  M ontana  
p o r t io n .
R a t io n a l e . E i r e  h a s  p la y e d  an  im p o r ta n t  p a r t  in  th e  h i s t o r y  
of th e  s h e e p 's  h a b i ta t .  M on tane  and  su b a lp in e  m e ad o w s  th a t  a r e  
u t i l iz e d  by  b ig h o rn s  cou ld  be e l im in a te d  by  f i r e  p r o te c t io n  and  c o n t ro l  
(S telfox 1971:114), r e s u l t i n g  in  p o s s ib le  e l im in a t io n  of th e  p o p u la t io n .
3. A th o ro u g h  s tu d y  sh o u ld  b e  m a d e  on the  b e n e f ic ia l  and  
a d v e r s e  im p a c ts  of p r e s c r i b e d  b u rn in g  on th e  Idaho  r a n g e .
R a t io n a l e . T h e  Idaho  p o r t io n  of s h e e p  h a b i ta t  o u ts id e  th e  
W i ld e r n e s s  c o n ta in s  a h ig h  can o p y  c o v e r a g e  of s h r u b s ,  e s p e c ia l l y  
o c e a n s p r a y .  T h e s e  s h r u b s  a r e  m a in ta in e d  by r o c k  o u tc ro p s ,  t a lu s ,  
and  sh a llo w  s o i l  w h ich  c o n c e n t r a t e  m o i s tu r e  (L o se n sk y ,  p e r s o n a l  
c o m m u n ic a t io n ) .  O c e a n s p r a y  i s  u n p a la ta b le  to  m o s t  w ild l i fe  s p e c ie s ;
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h o w e v e r ,  i t  i s  s t im u la te d  by  f i r e  (L eeg e  and H ick ey  1971) and  c o v e r  
is  im p o r ta n t  on w in te r  r a n g e  fo r  s h e l t e r  f r o m  r a d ia t io n a l  coo ling  and  
w ind  (Moen 1973, B e a l l  1974). A f te r  s h ru b  in v a s io n ,  the  a r e a  m a y  be 
m o r e  a t t r a c t i v e  to  d e e r  and  e lk , c a u s in g  i n c r e a s e d  c o m p e t i t io n .
4. T he  hun ting  s e a s o n  sh o u ld  end a t  l e a s t  by  th e  end of 
O c to b e r ,  s o  th e  to ta l  p o p u la t io n  w ould  be e q u a l ly  v u ln e r a b le  to  hun ting .
R a t io n a l e . A p p a r e n t ly  t h e r e  a r e  two ru t t in g  p o p u la t io n s  fo r  
th e s e  sh eep ;  f iv e  of th e  l a s t  s e v e n  r a m s  k i l le d  w e r e  ta k e n  in the  l a s t  
w e ek  of th e  h u n ting  s e a s o n  w ith  the  few  s h e e p  ru t t in g  in  M ontana  
s u s ta in in g  th e  m a j o r  p a r t  of th e  hun ting  h a r v e s t .  T h is  w ou ld  r e d u c e  
th e  d i s p r o p o r t i o n a te  h a r v e s t  of one p a r t  of th e  p o p u la t io n ,  i n c r e a s e  
th e  q u a l i ty  of th e  s h e e p  h u n t,  an d  e l im in a te  hu n tin g  d u r in g  th e  ru t  
(H ickey  1976).
5. T o  avo id  u n n e c e s s a r y  h a r a s s m e n t ,  Idaho and  M ontana  
sh o u ld  not h av e  s im u l ta n e o u s  h u n tin g  s e a s o n s  on th e s e  s h e e p .
R a t io n a le . T h e s e  s h e e p  a p p a r e n t ly  a r e  m o r e  w a r y  th a n  
th o s e  of m a n y  o th e r  p o p u la t io n s .  C o m m e n ts  by  G e is t  (1971:89) on 
th e  e f fe c ts  of h u n tin g  a r e  s ig n if ic a n t :
T h e  m a t t e r  of d i s tu r b a n c e  f r o m  hun ting  is  a  d e l ic a te  one, 
bu t  one th a t  m u s t  be  f a c e d  n e v e r t h e l e s s .  If hun ting  c a u s e s  sh e e p  
to  v a c a te  t h e i r  a c c u s to m e d  a r e a s  and  s e e k  re fu g e  on t e r r a i n  
w h e r e  th e y  w ould  n o r m a l ly  be  r a r e l y  found, th e n  we can  ex p ec t  
d e l e t e r i o u s  e f fe c ts  on th e  s h e e p  p o p u la t io n  a s  a w h o le .  It m e a n s  
th e  l o s s  of h a b i ta t  to an  a n im a l .  If th is  is  w in te r in g  h a b i ta t ,  it  
m e a n s  a d e c r e a s e  in p o p u la t io n  s i z e .  C le a r ly ,  if h u n tin g  cou ld  
be  co n fin ed  to  the  s u m m e r in g  a r e a s ,  p ro b a b ly  l e s s  h a r m  w ould  
be done.
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6 . T he  N ez P e r c e  l iv e s to c k  g r a z in g  a l lo tm e n t  sh o u ld  be  kep t
c lo s e d .
R a t io n a le . T h e  a l lo tm e n t  is not a h igh  q u a l i ty  r a n g e  f o r  
l iv e s to c k .  C a t t le  and  b ig h o rn s  m a y  c o m p e te  fo r  food (B u e c h n e r  I960: 
153 -154 , D e m a r c h i  1968) and  f o r  s p a c e  (T re fe th e n  1975 :103-104).
T h e  a r e a s  w h e r e  c a t t l e  g r a z e d  a r e  p r e s e n t l y  im p o r ta n t  a r e a s  fo r  
b ig h o rn  sh e e p .
7. A s y s t e m a t i c  g ro u n d  count sh o u ld  be in i t ia te d  to  m o n i to r  
p o p u la t io n  t r e n d s .
R a t io n a l e . L i t t l e  in f o r m a t io n  is  a v a i la b le  on p o p u la t io n  
t r e n d s  f o r  th is  s h e e p  h e r d  and  the  w in te r  r a n g e  i s  in a p p a r e n t ly  p o o r  
co n d it io n .  C oun ts  cou ld  b e s t  be  m a d e  d u r in g  e a r l y  D e c e m b e r ,  but 
A p r i l  m a y  b e  s a t i s f a c t o r y .  A p r i l  coun ts  p ro b a b ly  w ould  co n ta in  few 
l a r g e  r a m s  and  sh ee p  w ou ld  b e  m o r e  d i s p e r s e d  th a n  in D e c e m b e r .  
D e c e m b e r  h a s  lo g i s t i c a l  p r o b le m s  due to  p o o r  a c c e s s .  C oun ts  w ould  
n e e d  to  be  m a d e  w hen  snow  f o r c e s  s h e e p  onto  t h e i r  w in te r  r a n g e .
8 . T h e  r a n g e  of the  b ig h o rn s  in th e  B i t t e r r o o t s  sh o u ld  no t be 
f u r t h e r  d e v e lo p e d  w ith  t r a i l s ,  bu t e x is t in g  t r a i l s  cou ld  be  m a in ta in e d .  
A lso , p e r m a n e n t  h u n tin g  c a m p s  sh o u ld  not be e s ta b l i s h e d  on the 
s h e e p 's  r a n g e .
R a t io n a le . To avo id  h a r a s s m e n t  of h u n ted  s h e e p  p o p u la t io n s ,  
c o n su m p t iv e  and  n o n c o n su m p t iv e  m a n a g e m e n t  sh o u ld  not be  s i m u l t a n ­
e o u s ly  a t te m p te d  (G e is t  1 9 7 5 b :95). I n c r e a s e d  h o r s e  u se  in th e  a r e a
94
m ay  dam age  the b ig h o rn s '  r an g e .
9. W ls h a r t  (1975 :167-168 ) r e c o m m e n d e d  th e  fo llow ing:
a . R oad  c o n s t r u c t io n  sh o u ld  b e  m in im iz e d  and c o n t ro l le d  
in e x is t in g  R o ck y  M oun ta in  b ig h o rn  h a b i ta t ,  o r  in p o te n t ia l  h a b i ta t  
w h e r e  fu tu r e  s h e e p  t r a n s p l a n t s  m ig h t  be  m a d e .  A c c e s s  on 
e x is t in g  ro a d s  sh o u ld  be r ig id ly  c o n t ro l le d  d u r in g  th o s e  t im e s  of 
the  y e a r  w hen s h e e p  a r e  in th e  a r e a ,
b . O f f - ro a d  v e h ic l e  u se  sh o u ld  be p ro h ib i te d  on o r  n e a r  
b ig h o rn  s h e e p  h a b i ta t .
c. R e c r e a t i o n  u s e  of a r e a s  c r i t i c a l  f o r  s h e e p  sh o u ld  be 
av o id ed  w h e r e v e r  p o s s ib le .  O u td o o r  r e c r e a t i o n  sh o u ld  be  p r o ­
h ib i te d  in th o s e  a r e a s  w h e r e  b ig h o rn  s h ee p  a r e  la m b in g  o r  r u t t in g ,  
and  a ro u n d  m i n e r a l  l i c k s  w hen  b e in g  u t i l iz e d  by s h e e p .  It i s  a l s o  
im p o r ta n t  to  keep  p e o p le  out of b ig h o rn  s h ee p  w in te r in g  a r e a s ,  
e s p e c i a l l y  w hen  th e  a n im a l s  a r e  u n d e r  p h y s io lo g ic a l  s t r e s s  due
to  deep ,  c r u s t y  sn o w s ,  co ld  t e m p e r a t u r e s ,  and  low fo r a g e  
a v a i l a b i l i ty .
d. M ig ra t io n  r o u te s  of R ocky  M ounta in  b ig h o rn  sh e e p  
sh o u ld  be  id e n t i f ie d  and p r o te c te d  f r o m  d i s tu r b a n c e s  o r  an y  o th e r  
o b s ta c le s  w h ich  m ig h t  p r e s e n t  b a r r i e r s  to  sh ee p  m ig r a t io n .
R a t io n a le . T h e s e  a r e  g e n e r a l  r e c o m m e n d a t io n s  f r o m  the  
B oone and  C r o c k e t t  C lu b 's  w o rk s h o p  on R ocky  M ountain  b ig h o rn  sh e e p  
th a t  a r e  a p p l ic a b le  f o r  a l l  p o p u la t io n s  of th e  s u b s p e c ie s .  T h e  w o r k ­
shop  r e c o g n iz e d  the  n e e d  to  m in im iz e  d i s tu r b a n c e s  to  s h e e p  and  th e i r  
h a b i t a t s .
R e c o m m e n d a t io n s  f o r  F u t u r e  R e s e a r c h
D e te r m in e ;
1 . th e  m o v e m e n t  p a t t e r n s  fo r  a  l a r g e r  s a m p le  of s h e e p  and  
w h e re  sh e e p  d i s p e r s e  to  f r o m  th e  Sheep C r e e k  w in te r in g  a r e a ;
2 . w h a t  m a n a g e m e n t  p r o g r a m s  (op tions), if any , can  be  u s e d  
to  im p r o v e  th e  w in te r  r a n g e ;
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3. if f i r e  w i l l  h e lp  th e  b ig h o r n s '  w in te r  h ab i ta t ;
4 . if c o m p e t i t io n  b e tw ee n  s h e e p ,  m u le  d e e r ,  and  e lk  is  a 
s e r io u s  p r o b le m  d u r in g  w in te r ;
5. if t h e r e  a r e  too  m a n y  sh ee p  f o r  th e  a v a i la b le  w in te r  ra n g e ;
6 . w hat h a p p e n s  d u r in g  w in te r s  w ith  d i f f e r e n t  w e a th e r  
co n d it io n s  f r o m  th o s e  of m y  study;
7. th e  s e a s o n a l  m o v e m e n ts  of the  r a m s ;
8 . w h e re  the  a n im a l s  th a t  r u t  in  M ontana  w in te r  and  w hat 
ro u te  th ey  u se  in  going f r o m  r u t t in g  to w in te r in g  a r e a s  in  J a n u a r y ,  
and if t h e r e  i s  a d i f f e r e n c e  in r e p r o d u c t iv e  r a t e s  f o r  the  two ru t t in g  
s h e e p  p o p u la t io n s ,  a s  E d w a r d s  and R i tc h e y  (1956) found f o r  m o o se ;
9. if sh e e p  o ccu p y  W hite  C ap , C anyon , and  C o o p e r  c r e e k s ;
10 . h a b i ta t  s e l e c t io n  f o r  th e  s u m m e r in g  a r e a s ;
11. if  t h e r e  i s  any  in te r c h a n g e  b e tw e e n  th is  p o p u la t io n  and 
known n e a r b y  p o p u la t io n s ;  and
12. if t h e r e  a r e  o th e r  m a j o r  w in te r in g  a r e a s  th an  the  one 
a long  the  S e lw ay  R iv e r .
C H A P T E R  VII 
SUMMARY
T h e  e co lo g y  of b ig h o rn  sh ee p  in the  B i t t e r r o o t  M oun ta in s  
w as  in v e s t ig a te d  b e tw e e n  J u n e  1974 and Ju n e  1976. Tw o sh e e p  w e r e  
t r a n q u i l i z e d  and m a r k e d  w ith  r a d io  t r a n s m i t t e r s .  F r o m  th e s e  two 
sh ee p  and  o b s e r v a t io n  of u n m a rk e d  s h e e p ,  m ig r a t io n  p a t t e r n s  and 
s e a s o n a l  r a n g e s  w e r e  d e te r m in e d .  T h e  w in te r in g  a r e a  is  a long  the  
s lo p e s  of the  S e lw ay  R iv e r ,  Idaho, and s u m m e r  r a n g e  is  m a in ly  
w ith in  th e  M on tana  p o r t io n  of the  S e lw a y - B i t t e r r o o t  W i ld e r n e s s .  T he  
s u m m e r  and  w in te r  s t a n d a r d  d i a m e t e r s  w e r e  5.9 and  1.6 m i le s  (9.5 
and  2 .6  km ), r e s p e c t iv e ly .
D u r in g  the  w in te r  of 1975-1976 , the  p o p u la t io n  w as  e s t im a te d  
a t  90 a n im a ls  c o n s i s t in g  of 50 ew es ,  2 5 l a m b s ,  9 II r a m s ,  and  6 III 
r a m s .  G roup  s i z e  w as  h ig h e s t  d u r in g  th e  r u t  and  g r a d u a l ly  d im in is h e d  
th ro u g h o u t  th e  w in te r  u n ti l  la m b in g .  A f te r  la m b in g ,  g ro u p  s iz e  
in c r e a s e d .  G roup  c o h e s io n  w a s  low w ith  in te r c h a n g e  of in d iv id u a ls  
co m m o n  b e tw e e n  g ro u p s .
P o p u la t io n  v ig o r ,  a s  r e f l e c t e d  by h o rn  g ro w th ,  w as  low 
r e l a t i v e  to o th e r  s h e e p  p o p u la t io n s  in M ontana . E v id e n c e  of n e c r o t i c  
s to m a t i t i s  and  a b n o r m a l  to o th  w e a r  w a s  found. L u n g w o rm  lo a d s
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w e r e  v e r y  low , w ith  an a v e r a g e  d i s c h a r g e  of 3.6 l a r v a e  p e r  g r a m  d r y  
f e c e s .  T he  h e r d  w as  76% in fe c te d .
W in te r  a p p a r e n t ly  is  a t im e  of s t r e s s .  L a m b s  s u f f e re d  
a p p r o x im a te ly  50% m o r t a l i t y  b e tw e e n  D e c e m b e r  and  M ay. G r a s s e s  
and  s h r u b s  w e r e  o v e r u t i l i z e d .  U nlike m o s t  s h ee p  p o p u la t io n s ,  no 
s te p p e  v e g e ta t io n  c o m m u n i t i e s  w e r e  n e a r  th e  w in te r  r a n g e .
M onth ly  food h a b i ts  d a ta  w e r e  c o l le c te d  on the  w in te r  r a n g e .  
D ie t c o m p o s i t io n  f o r  th e  to ta l  w in t e r  p e r io d  w a s  40% g r a s s e s ,  17% 
f o r b s ,  and  43% b r o w s e .
D u r in g  w in te r ,  sh ee p  s e le c te d  f o r  so u th  s lo p e s  and  c l i f f s .
In s p r in g ,  m o r e  v e g e ta t io n  c o m m u n i t ie s  and  la n d ty p e s  w e r e  u se d .
T h is  ch an g e  r e f l e c t e d  i n c r e a s e d  m o b i l i ty  a f t e r  snow  m e l t ,  a te n d en c y  
to  fo llow  the  s p r in g  " g r e e n - u p ,  " and  s e le c t io n  f o r  food r a t h e r  th an  
p r o te c t iv e  c o v e r .
R e c o m m e n d a t io n s  f o r  m a n a g e m e n t  in c lu d e d  m in im iz in g  
d i s tu r b a n c e s  to  s h e e p  an d  t h e i r  h a b i ta t ,  p o s s ib i l i ty  of p r e s c r i b e d  and  
n a t u r a l  f i r e  m a n a g e m e n t ,  no s im u l ta n e o u s  sh ee p  hun ting  in M ontana  
and Idaho, a s h o r te n in g  of th e  hu n tin g  s e a s o n ,  and th e  e s ta b l i s h m e n t  of 
a s y s t e m a t i c  g ro u n d  coun t f o r  b ig h o rn  s h e e p .  T w elve  a d d i t io n a l  
r e c o m m e n d a t io n s  f o r  a d d i t io n a l  r e s e a r c h  w e r e  m a d e .
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APPEN D IX  A
W IN TE R  AND SUMMER A C TIV IT Y  C E N T E R S  
AND M O V E M E N T P A T T E R N S  
O F  BIGHORN S H E E P
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T a g  D ate  D a te
no . Sex m a r k e d  r e lo c a t e d
Map 
c o o r d in a te s  
of r e lo c a t io n
D is ta n c e  
f r o m  s i t e  
of l a s t  
r e lo c a t io n  
(m i le s )
L o c a t io n  
of s u m m e r  
c e n t e r  of 
activity-
s t a n d a r d  
d i a m e t e r  
of s u m m e r  
a r e a  
(m i le s )
L o c a t io n  
of w in te r  
c e n t e r  of 
a c t iv i ty
S ta n d a rd  
d i a m e t e r  
of w in te r  
a r e a  
(m i le s )
363 ? 6 /1 4 /7 5
6 /1 5 /7 5  
6 /1 7 /7 5  
6 /2 9 /7 5  
6 /3 0 /7 5  
7 /  1 /7 5  
7 /2 5 /7 5  
7 /2 7 /7 5  
9 /1 5 /7 5  
9 /2 2 /7 5  
9 /3 0 /7 5
5 /2 9 /7 6  
6 / 8 /7 6  
6 /2 4 /7 6  
7 /1 1 /7 6  
7 /2 3 /7 6  
8 /2 3 /7 6  
9 /  3 /7 6  
9 /2 5 /7 6  
1 0 /2 1 /7 6  
1 1 /2 2 /7 6
1 1 / 7 /7 5  
1 2 /1 1 /7 5  
1 2 /1 3 /7 5  
1 2 /1 6 /7 5
F - 5 7
H -58
B l - 5 5
A l - 5 5
U -60
0 - 5 8
B l - 4 7
Z - 4 8
K l - 5 0
K l - 5 0
K l - 5 0
F - 6 0
A -5 8
D l - 5 9
A l - 5 5
Z -5 2
11-52
E l - 4 6
F - 5 7
F l - 4 8
D l - 5 4
11-11  
J l -  8 
K l -  6 
K l -  7
0. 5 
4. 75
0 .2 5  
2 . 0
1. 5 
4 .5 0  
0 .7 5  
2 .5  
0
0
1 .2 5
7 .2 5
1 .2 5
1 .2 5
2 .2 5  
1. 75 
6 .7 5  
6 . 75 
1. 75
0. 75 
0. 5 
0 .2 5
W. 5 -5 3 . 8 6 . 0
H. 7 - 7 .5 21
o
03
M ap
T a g  D a te  D a te  c o o r d in a te s
no . Sex m a r k e d  r e lo c a t e d  of r e lo c a t io n
D is ta n c e  S ta n d a rd  S ta n d a rd
f r o m  s i t e  L o c a t io n  d i a m e t e r  L o c a t io n  d i a m e t e r
of l a s t  of s u m m e r  of s u m m e r  of w in te r  of w in te r
r e lo c a t io n  c e n t e r  of a r e a  c e n t e r  of a r e a
(m i le s )  a c t iv i ty  (m i le s )  a c t iv i ty  (m i le s )
1 2 /1 7 /7 5 K l -  6 0 .2 5
1 2 /1 9 /7 5 G l -  5 1 .0
1 2 /3 0 /7 5 E l -  7 0. 75
1 / 1 /7 6 G l -  8 0. 5
1 /1 0 /7 6 1 1 - 6 0. 75
1 /1 1 /7 6 1 1 - 7 0 .2 5
1 /2 0 /7 6 1 1 - 7 0
1 /2 6 /7 6 G l -  5 0 .7 5
1 /2 8 /7 6 1 1 - 7 0. 75
1 /3 0 /7 6 J l -  8 0. 5
3 /1 5 /7 6 1 1 - 7 0 .5
3 /1 6 /7 6 J l -  8 0. 5
3 /2 6 /7 6 K l -  6 0. 5
3 /3 0 /7 6 K l -  6 0
4 /  2 /7 6 K l -  7 0 .2 5
4 /1 0 /7 6 K l -  7 0
4 /1 2 /7 6 J l -  9 0 .5
4 /1 4 /7 6 J l -  8 0 .2 5
4 /2 1 /7 6 1 1 - 8 0. 5
4 /2 3 /7 6 E l -  8 0. 75
5 /1 2 /7 6 E l - 1 3 1 .2 5
5 /1 3 /7 6 O l -  7 1 .5
5 /1 8 /7 6 G l -  9 0. 75
5 /2 0 /7 6 F I -  9 0 .2 5
12/ 1/76 E l -30 oCO
T a g
no. Sex
D ate
m a r k e d
D ate
r e lo c a t e d
M ap 
c o o rd in a te s  
of r e lo c a t io n
D is ta n c e  
f r o m  s i t e  
of l a s t  
r e lo c a t io n  
(m i le s )
L o c a t io n  
of s u m m e r  
c e n te r  of 
a c t iv i ty
S ta n d a rd  
d i a m e t e r  
of s u m m e r  
a r e a  
(m i le s )
L o c a t io n  
of w in te r  
c e n te r  of 
a c t iv i ty
S ta n d a rd  
d i a m e te r  
of w in te r  
a r e a  
(m i le s )
9 /2 2 /7 5
9 /3 0 /7 5
O -
o i -
J l -
58
50
57
6 .
2 .
5
0
1 2 /1 4 /7 5 D l - 6
1 2 /3 0 /7 5 D l - 6 0
1 / 1 /7 6 E l - 6 0 . 25
1 /  2 /7 6 D l - 7 0 . 25
1 /2 0 /7 6 E l - 6 0 . 25
1 /2 1 /7 6 F l - 5 0 . 5
1 /2 6 /7 6 G l - 5 0 . 25
1 /2 9 /7 6 D l - 7 1 . 0
2 /  4 /7 6 H l - 8 1 . 0
2 /  9 /7 6 F l - 6 0 . 75
2 /1 0 /7 6 F l - 7 0 . 25
3 /  3 /7 6 E l - 5 0 . 5
3 /1 5 /7 6 F l - 6 0 . 5
3 /3 0 /7 6 E l - 6 0 . 5
4 /  3 /7 6 D l - 6 0 . 5
4 /  6 /7 6 D l - 8 0 . 5
4 /  8 /7 6 D l - 6 0 . 5
4 /1 4 / 7 6 D l - 7 0 . 25
4 /2 3 / 7 6 D l - 6 0 . 25
152 d  6 /2 8 /7 5 D l .  7 -5 5 5. 8
11/ 7/75 E l - 3 0
APPENDIX B
GRID M AP SHOWING W INTER AND SUMMER 
A C T IV IT Y  C E N T E R S  AND M O V EM EN T 
P A T T E R N S  O F  BIGHORN S H E E P
111
S c a le  In M iles
W hite  C o p  Cr
20 30 45 50 55 6 0 6525 40
T
